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PREFACE 

The  Author,  in  introducing  this  work  to  the  public,  feels  that, 
notwithstanding  the  many  books  on  the  subject  already  existing, 
tliere  is  still  room  for  one  that  comprises  the  whole  course  of 
Perspective  treated  in  a  comprehensive  manner,  with  the  allied 
subjects  of  Projection  of  Shadows  and  Eeflections. 

The  Art  of  Perspective  is  one  in  which  the  Author  has  had 
many  years'  experience,  both  as  a  teacher  as  well  as  in  its 
practical  application ;  he  consequently  feels  that  he  is  not 
unqualified  to  deal  witli  tliis  subject  in  all  its  branches. 

The  design  of  the  work  is  to  provide  information  on  Per- 
spective to  every  class  ;  to  those  who  require  the  rudiments  of 
the  subject,  as  well  as  to  those  who  desire  a  complete  course  of 
instruction.  There  are  many  students  desirous  of  obtaining 
sufficient  knowledge  of  Perspective  to  enable  them  to  sketch 
correctly,  and  to  test  the  accuracy  of  their  drawings,  but  at 
the  same  time  with  a  strong  aversion  to  plodding  through  a 
series  of  dry  problems  to  obtain  this  information.  To  meet 
the  requirements  of  this  class  of  students,  the  whole  subject 
has  been  explained  in  the  form  of  au  introduction  in  simple 
language,  with  illustrations  from  familiar  objects — the  ele- 
mentary portion  in  Chapter  II. ;  and  the  more  advanced  part  of 
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the  subject  in  Chapter  IX.  If  these  chapters  are  carefully 
studied,  they  will  impart  sufficient  knowledge  of  the  principles 
of  the  subject  to  enable  them  to  utilise  the  laws  of  perspective. 

Those,  on  the  other  hand,  who  require  a  thorough  course 
will  find  it  in  Chapters  II.-XT. 

Another  portion  of  the  w'ork  is  devoted  to  the  practical 
application  of  perspective,  and  this  the. Author  hopes  "svill  be 
found  useful  to  Artists  as  well  as  to  Students.  The  greater 
part  of  this  information  is  the  outcome  of  experience  gained 
during  many  years  of  professional  work ;  and  it  includes  Aerial 
Perspective,  Chapter  XIII.  ;  Perspective  Hints  for  Artists, 
Chapter  XIV. ;  Perspective  for  Architects  and  Engineers,  with 
the  use  of  the  Centrolinead,  Chapter  XT.  ;  and  Photographic 
Perspective,  introducing  a  method  for  correcting  the  exaggerated 
perspective  of  photographs,  Chapter  XYL 

The  book  contains  all  the  necessary  information  for  the 
Science  and  Art  Examinations  —  the  Elementary  Stage  in 
Chapters  II.-VII. ;  and  the  Advanced  Stage  in  Chapters  IX.- 
XI.  It  also  covers  the  ground  of  the  Oxford  and  Cambridge 
Local  Examinations,  and  of  those  of  the  College  of  Preceptors. 
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CHAPTER   I 


GEOMETRICAL    DEFINITIONS 


A  point  simply  marks  a  position  ;  it   is  supposed  to  have  no 
niaunitude. 

A  line  Las  length  without  breadth  or  thickness.  Tlie 
extremities  and  intersections  of  lines  are  points.  A  straiglit 
line  or  right  line  is  one  that  is  in  the  same  direction  throughout 
its  length,  and  is  the  shortest  that  can  be  drawn  between  two 
points.     To  produce  a  line  is  to  lengthen  it. 

A  2Jl((ne  is  a  flat  even  surface;  it  lias  lengtli  and  breadth 
only.     The  intersections  of  planes  are  straight  lines. 

Parallel  lines  are  such   as   are   in   the  same  plane,  and   at 
equal    distances    apart    throughout    their 
entire   length ;    if   produced   they    would 
never  meet  (Fig.  1).  ~ 

A  circle  is  a  plane  figure  bounded  by  a 


Fig.  1 


FiK.  2 


dt 


curved  line,  such  that  all  straight  lines 
drawn  to  it  from  a  certain  j)oint  are  equal. 
This  point  is  called  the  centre,  and  the 
curved  line  is  called  the  circumfere^ice  of 
the  circle. 

A  straight  line  drawn  from  the  centre 
to  the  circumference,  as  cc  or  cd  (Fig.  2) 
is  called  a  radius.     A  straight  line  drawn 
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tlirough  the  centre,  and  terminated  at  both  ends  by  the  cireuiu- 
ference,  as  ab,  is  called  a  diameter.  A  semicircle  is  half  a 
circle,  as  adhc.     A  quadrant  is  a  quarter  of  a  circle,  as  adc. 

An  arc  is  any  portion  of  the  circumference  of  a  circle,  as 

ahc  (Fig.  3).     A  dtord  is  a  straight  line 

joining  the  extremities  of  an  arc,  as  ac. 

A  acfjment  is  the  space  enclosed  by  the 

arc  and  its  chord,  as  /.     A  sector  is  the 

space  enclosed  by  two  radii  and  the  arc 

between  them,  as  g.     A  tangent  is  a  line 

touching  the   circumference,  as  dc ;   it  is 

always  at  right  angles  to  the  radius   of 

the  circle  at  the  point  of  contact. 

An  angle  is  the  inclination  of  two  straight  lines  meeting  in 

a  point.     This  point  is  called  the  vertex  of 

the   angle,  as    a    (Fig.   4).     The  angle  here 

shown  would  be  called  either  hac  or  calj. 

If    t^\•o    adjacent    angles    made    by    two 
straight  lines  at  the  point  where  they  meet 
be  equal,  as  dca,  and  dch  (Fig.  2),  each  of  these  angles  is  called 
a  right  angle,  and  eitlier  of  the  straight  lines  may  be  said  to  be 
perpendicular  to  the  other. 

A  right  angle  is  supposed  to  be  divided  into  90  equal  parts, 
each  of  which  is  called  a  degree.  A  degree  is  expressed  in  writ- 
ing by  a  small  circle  placed  over  the  last  figure  of  the  numerals 
denoting  the  number  of  degrees — thus36°meansthirty-six  degrees. 
The  circumference  of  a  circle  is  supposed  to  be  divided  into 
360  equal  arcs,  each  of  which  subtends  an  angle  of  1°.  Some- 
times this  arc  is  itself  loosely  termed  a  degree. 

An  angle  containing  more  than  90'  is  called  an  obtuse  angle, 
as  ecb  (Fig.  2) ;  while  an  angle  containing  less  than  90°  is  called 
an  cucute  angle,  as  ace. 

A  line  is  said  to  be  perpendicular  to  a  plane  when  it  is  at 
right  angles  to  any  straight  line  in  that  plane. 
Concentric  circles  have  the  same  centre. 
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Triangles 


Tricmglr<<  are  closed  figures  contained  by  three  straight  lines. 

A  triangle  which  has  all  its  sides  equal  is  called  equilateral 
(Fig.  5). 

N.B. — Such  a  triangle  will  always  have  its  three  angles  equal, 
and  therefore  will  also  be  cqvian/jnlar. 

A  triangle  which  has  two  sides  (and  therefore  two  angles) 
equal  is  called  isosceles  (Fig.  6)  (isos,  equal;  skelos,  a  leg). 


Fi?.  6 
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Fig.  9 


A  triangle  which  has  a  right  angle  is  called  right-anffled 
(Fig.  7).  The  side  opposite  to  the  riglit  angle,  as  ah,  is  called 
the  hgpotenvsc  (Jiypo,  under ;  tenein,  to  stretch). 

A  triangle  which  has  an  obtuse  angle  is  called  ohfio^e-aiaihd 
(Fig.  8). 

A  triangle  which  has  three  acute  angles  is  called  acute-aiajlcd 
(Fig.  9). 

The  hase  of  a  triangle  is  its  lowest  side,  as  ah  (Fig.  5). 

The  vertex  is  the  point  opposite  the  base,  as  c  (Fig.  5). 

The  altitude  or  perpendicular  height  is  a  line  drawn  from 
the  vertex  at  right  angles  to  its  base,  as  cd  (Fig.  5). 
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QUADKILATERAL    FiGUllES 

Qiiaclrilatcral  fiijurcs  are  such  as  are  bounded  by  four  straight 
lines. 

A  quadrilateral  figure  which  has  four  equal  sides  is  called  a 
rhombus  (Fig.  10) — Gk.  rJiomhos,  from  rhemhcin,  to  twirl,  from 
some  likeness  to  a  spindle. 


Fk'.  10 


Fk'.  11 


A  quadrilateral  figure  whose  opposite  sides  are  parallel  is 
called  a  paraUclograiii  (Fig.  11). 

A  parallelogram  whose  angles  are  right  angles  is  called  a 
rectangle  (Fig.  12). 


Fk.  12 


Fk.  13 


A  rectangle  which  has  its  sides  equal  is  called  a  square 
(Fig.  13). 

A  line  joining  tM'o  opposite  angles  of  a  quadrilateral  figure 
is  called  a  diagonal,  as  the  dotted  line  ah  (Fig.  11). 


Polygons 

A  polygon  is  a  plane  figure  which  has  more  than  four  angles. 
A  polygon  which   is    both    equilateral   and    equiangular  is 
called  regular. 
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A  polygon  of  live  sides  is  called  &.  pentagon. 
six  ..  hexofjon. 

seveu  heptcKjon. 

„  :,       eight     ..  ..     an  odajjon,  etc. 

Solids 

A  solid  has  length,  breadth,  and  thickness.  A  solid  bonnded 
wholly  by  planes  is  called  a  polyhedron  (/W//,  many ;  hedra,  a 
side). 

A  solid  bounded  by  six  planes  or  faces,  whereof  the  opposite 
ones  are  parallel,  is  called  o.  parallelepiped  {parallclos,  parallel ; 
and  epipedon,  a  plane). 

A  parallelepiped  whose  angles  are  all  right  angles  is  called 
a  rcetavgvlar  parallelepiped  or  ortholiedron  {ortltos,  right ;  and 
hedra,  a  side). 

An  ortholiedron  with  six  equal  faces  is  called  a  </"'"'  (Jr/dio.'i, 
a  die). 

A  polyhedron,  all  but  one  of  whose  faces  meet  in  a  point, 
is  called  o,  pyramid  (Gk.  py  ram  is,  a  pyramid). 

Pyramids  are  often  named,  after  the  shape  of  their  bases, 
triangular,  squaj'c,  etc. 

A  polyhedron,  all  but  two  of  whose  faces  are  parallel  to  one 
straight  line,  is  called  a  prism  (Gk.  prisma,  from  p'''^^ ^w,  to  saw, 
a  portion  sawn  off). 

If  the  ends  of  a  prism  are  at  right  angles  to  the  straight 
line  to  which  the  other  faces  are  parallel  it  is  called  a  right 
prism. 

Prisms  are  often  named,  after  the  shape  of  their  ends, 
triangular,  hexagonal,  etc. 

A  cylinder  is  a  solid  described  by  the  revolution  of  a  rect- 
angle about  one  of  its  sides  which  remains  fixed.  This  fixed 
line  is  called  the  axis  of  tlie  cylinder. 

A  right  circular  cone — genei\ally  spoken  of  simply  as  a  eone 
— is  a  solid  described  by  the  revolution  of  a  right-angled  triangle 
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about  one  of  the  sides  containing  the  right  angle,  which  side 
remains  fixed.  This  fixed  line  is  called  the  ao:is  of  the  cone  ; 
the  base  is  a  circle,  and  the  point  opposite  the  base  is  called 
the  vertex. 

A  solid  bounded  by  a  closed  surface,  such  that  all  straight 
lines  drawn  to  it  from  a  certain  jDoint  are  equal,  is  called  a 
sjyliere  (Gk.  sphaira,  a  ball). 

The  point  referred  to  is  called  the  cnitre  of  the  sphere. 

Tech^'ical  Definitions 

A  plane  parallel  to  the  ground,  or,  more  strictly  speaking, 
parallel  to  still  water,  is  called  a  horizontal  plane. 


Fig.  14 


A  vertical  plane  is  a  plane  at  right  angles  to  a  horizontal 
plane. 

A  liorizontal  line  is  a  line  parallel  to  a  horizontal  plane. 
A  vertical  line  is  a  line  at  right  angles  to  a  horizontal  plane. 
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A  i)Ian  of  an  object  is  tlie  tracing  made  on  a  horizontal 
plane  by  the  foot  of  a  vertical  line,  which  moves  so  as  to  pass 
successively  througli  the  various  points  and  outlines  of  the 
object,  as  A  and  B  (Fig.  14). 

An  elevation  of  an  object  is  the  tracing  made  on  a  Aertical 
plane  by  the  end  of  a  horizontal  line,  at  right  angles  to  the 
vertical  plane,  which  moves  so  as  to  pass  successively  through 
the  various  points  and  outlines  of  the  object,  as  A'  and  B' 
(Fig.  14). 

N.B. — A  is  an  object  parallel  to  the  vertical  plane,  and  B 
an  object  inclined  to  it. 


CHAPTEE   II 


INTRODUCTIOX 


1.  Perspective  (from  persincio,  I  see  through)  treats  of  the 
appearances  of  objects,  and  in  this  differs  from  geometry,  which 
treats  of  their  actual  shapes. 

It  is  the  art  of  representing  on  a  plane — a  sheet  of  paper  for 
instance — objects  as  they  appear  to  the  eye. 

The  j)lane  on  which  the  object  is  drawn  may  be  considered 
as  transparent,  and  we  can  imagine  that  we  are  looking  through 
it  at  the  object  represented. 

If  on  looking  at  an  object  through  a  sheet  of  glass  we- were  to 
trace  its  outline  on  the  glass,  the  figure  drawn  would  be  in  true 
linear  perspective. 

There  are  two  kinds  of  perspective,  viz.  linear  and  aerial. 

Linear  iwrsjiectixe  relates  to  the  apparent  form  or  outline 
of  objects. 

Aerial  persijectire  relates  to  the  tone,  colour,  and  distinct- 
ness. (This  branch  of  the  subject  will  be  treated  of  in  Chapter 
XIII.) 

2.  The  Ground  Plane. — The  spectator  is  assumed  to  be 
standing  on  level  ground — that  is,  on  a  horizontal  plane.  This 
plane,  wliich  is  supposed  to  extend  in  all  directions,  to  infinity, 
is  called  the  ground  plane. 

?).  The  Picture  Plane. — In  Pig.  15  a  large  transparent 
plane  is  represented  in  a  vertical  position  standing  on  the 
ground  plane:    this  is  called  the  picture  p)lane:    a  cube   A  is 
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placed  on  one  side  of  it,  and  tlie  spectator  on  the  other  ;  <(  is 
the  tracing  of  the  cube  on  the  picture  plane. 

4.  The  Ground  Line. — Tlie  line  in  which  the  picture  plane 
meets  the  ground  plane  is  called  the  ground  line;  it  is  the 
boundary,  towards  the  spectator,  of  the  ground  plane  in  the 
picture  ;  it  is  also  called  the  hose  line  (Fig.  15). 

If  the  object  were  placed  touching  the  picture  plane,  and 
then  traced  upon  it,  the  perspective  representation  of  lines  in 
contact  with  it  would  be  equal  in  length  to  the  lines  themselves. 


Fig.  15 


The  farther  the  object  is  removed  from  tlie  picture  plane 
the  smaller  will  be  its  representation. 

When  we  are  drawing  an  object  in  perspective,  we  are 
supposed  to  be  copying  to  a  given  scale  the  tracing  on  the 
picture  plane.  The  picture  plane  does  not  really  exist;  it  is 
assumed  to  occupy  a  certain  position,  which  mvist  be  determined 
before  we  commence  our  drawing,  as  the  size  of  the  representa- 
tion of  the  object  depends  entirely  upon  the  position  in  which 
we  place  it.  The  bottom  of  the  drawing  represents  the  ground 
line. 

5.  The  picture  jolane  may  he  defined  as  an  iwaginary  trans- 
iwrent  ijlane  nsucdh/  ^>/r/ct'f^  in  a  vertical  j'ositioii  Intircen  tlie 
spectator  and  the  olject,  on  u-Jiich  tlie  ohjeet  is  supposed  to  he  traced. 


lo  COMPLETE  PERSPECTIVE  COURSE  chap. 

G.  The  picture  plane  is  shown  in  Fig.  15  as  a  rectangle,  but 
vi-Q  can  imagine  it  to  extend  indefinitely  in  any  direction. 

7.  Objects  of  the  same  viagnitude  appear  to  diminish  in  size  as 
they  recede  frovi  the  eye. 

Let  lis  take  two  books  of  the  same  size,  and  place  them  on 


Fig.  16 

a  table,  as  shown  in  Fig,  16.  Let  the  book  B  be  twice  as  far 
from  the  eye  as  book  A.  Keep  the  eye  level  with  their  tops, 
then  the  lower  corner  of  P)  will  appear  to  cut  halfway  np  the 
total  height  of  A. 

B  being  twice  as  far  from  the  eye  as  A,  appears  only  half 
its  height;  if  it  were  three  times  as  far  it  would  appear  one- 
third  of  its  height,  and  so  on.  Consequently,  if  objects  appear 
to  gefc  smaller,  parallel  lines  must  appear  to  get  closer  together 
as  they  recede  from  the  eye,  and  in  the  extreme  distance  would 
appear  to  meet. 


Fisj.  i; 


Instead  of  taking  objects  of  the  same  size,  let  B  (Fig.  17; 
be  four  times  the  area  of  A,  and  C  nine  times,  and  let  their 
distance  apart  be  equal  to  the  distance  A  is  from  the  eye.     If 
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they  were  placed  in  the  positions  shown,  all  their  corresponding 
corners  woukl  be  on  the  same  straight  lines  ;  de  is  the  same 
height  as  A,  hut  its  apparent  height  is  only  one -third  of  A. 
We  shall  now  understand  the  following  : — 

8.  The  cqjparcnt  area  of  an  ohjcct  is  invursely  as  the  sqvarc  of 
its  distance  from  the  eye. 

This  is  a  very  important  law,  for  if  the  size  of  an  object  is 
known,  its  distance  can  be  determined  from  its  perspective 
representation.     We  shall  revert  to  this  in  Chapter  VIII. 

9.  Visual  Ii.a.ys. — We  see  an  object  by  means  of  light 
dispersed  from  its  surface.  Taking  a  point  on  the  object  — a 
corner,  for  instance — the  light  from  this  point  to  the  eye  comes 
in  a  straight  line,  and  is  called  a  visual  ray. 

Where  the  visual  ray  intersects  the  picture  plane  is  the 
point  in  the  picture  corresponding  to  the  corner. 

By  intersecting  the  visual  rays  by  a  plane,  we  form  the 
picture  ;  when  we  measure  the  apparent  size  of  an  object  with 
our  pencil,  we  are  measuring  the  distance  apart  of  the  visual 
rays  at  that  distance  from  tlie  eye  (Fig.  15}  ;  when  we  trace 
an  object  on  glass,  we  are  joining  the  intersections  by  the 
glass  of  the  visual  rays  as  they  pass  through  it. 

10.  The  fundamental  problem  of  perspective  is  to  put  a 
given  point  into  perspective,  or,  in  other  words,  to  find  where 
a  given  line  intersects  a  given  plane.  The  visual  ray  from  a 
given  point  to  the  eye  is  the  given  line,  and  the  picture  plane 
is  the  given  plane.  Xow  any  two  points  in  a  straight  line  will 
give  us  its  direction,  and  as  plane  figures  may  contain  or  be 
bounded  by  straight  lines,  their  position  can  also  be  determined 
by  the  position  of  points,  and  from  j)laues  we  can  determine  the 
place  in  the  picture  of  the  solids  that  are  bounded  by  those 
planes. 

Before  proceeding  with  problems  for  the  finding  of  points, 
lines,  etc.,  we  will  take  a  few  familiar  objects  to  illustrate  the 
laws  of  perspective,  as  by  this  means  the  student  will  become 
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better  acquainted  witli  the  terms  used ;  lie  will  also  become 
more  readily  accustomed  to  the  perspective  appearance  of  lines 
running  in  various  directions,  ^vhen  they  form  parts  of  solids, 
than  when  they  are  taken  individually. 

The  perception  of  form  by  the  untrained  eye  is  generally 
inexact,  because  the   actual  shape   of  an   object  is  essentially 

different  from  its  appearance.  We 
shall  understand  this  better  by  re- 
ferring to  Fig.  18. 

We  know  that  all  four  corners 
of  the  table  top  are  right  angles, 
yet  ill  the  perspective  drawing  they 
are  all  different  from  each  other, 
and  all  very  unlike  right  angles. 
This  is  why  drawing  from  the  model 
is  so  ditticult  for  beginners ;  their  knowledge  of  its  true  shape 
interferes  with  their  judgment  of  its  appearance. 

One  eye  only  is  supposed  to  be  used  in  perspective ;  it  is 
clearly  impossible  without  confusion  to  represent  at  once,  on 
a  plane,  an  object  as  it  would  appear  to  both  eyes.  Hold  up 
a  pencil  at  arm's  length,  in  a  room,  close  the  left  eye,  and 
notice  what  part  of  the  opposite  wall  it  covers  ;  keep  the  pencil 
in  the  same  position,  and  then  look  at  it  with  the  left  eye 
only ;  it  will  now  appear  to  cover  an  entirely  different  place. 
It  would  be  absurd  to  draw  the  wall  with  the  pencil  in  front 
of  it  as  seen  by  both  eyes  at  the  same  time,  because  the  pencil 
would  occupy  a  different  position  on  the  wall  for  each  eye. 
If  we  stand  before  a  picture,  in  the  right  position,  and  look 
at  it  attentively  for  some  little  time,  with  one  eye  only,  it  will 
appear  to  be  in  relief.  In  a  stereoscope  we  have  a  picture  for 
each  eye,  which  gives  us  an  impression  of  solidity. 

11.  Statiox  Point. — The  position  of  the  eye  is  called  the 
dation  2^oiiit. 

A  very  useful  contrivance  for  acquiring  and  proving  the 
laws  of  perspective  is  shown  in  Fig.  19.     It  consists  of  a  piece 
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of  plate  glass  about  18  inches  X  12  inches,  fixed  in  an  upright 
position  on  a  horizontal  board  by  means  of  supports,  as  shown; 
it  has  also  a  piece  of  stout  wire  about  6  inches  long,  bent  into 
a  circle  at  one  end,  to  fix  the  position  of  the  eye,  and  a  few 


Fig.  19 


holes  made  in  the  horizontal  board,  so  that  tlie  position  of  the 
eye  can  be  changed. 

It  will  be  advisable  to  have  two  or  three  of  these  pieces  of 
wire  of  different  lengths,  so  as  to  vary  the  height  of  the  eye ; 
iron  meat-skewers  will  answer  the  purpose. 

If  we  take  a  small  box  and  })lace  it  with  one  of  its  ends 


FiK.  20 


close  to  the  glass,  on  the  left  of  the  spectator,  and  trace  it  as 
seen  from  the  point  S  (the  station  point),  its  representation  on 
the  glass  will  appear  as  A  (Fig.  20).  (A  piece  of  very  old  soap, 
cut  into  strips,  is  the  best  material  for  marking  on  glass ;  the 
tracing  can  be  washed  out  with  a  wet  sponge.) 
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Now  shift  the  box  to  the  ri^lit  of  the  spectator,  and  raise 
the  lid  a  little,  still  keeping  one  end  close  to  the  glass ;  when 
traced  in  this  position,  it  will  appear  as  shown  by  B  (Fig. 
20). 

We  have  now  ^he  representation  a,  a,  a,  of  several  lines 
which  are  all  parallel  to  one  another,  and  at  right  angles  to  the 
picture  plane.  If  we  produce  these  lines  on  the  glass,  we  find 
that  they  all  converge  towards  one  point  C ;  at  this  point  they 
all  meet,  and  the  distances  between  them  vanish.  A^'e  conclude 
from  this  experiment  that  all  the  lines  which  represent  those 
edges  of  any  model,  which  are  at  right  angles  to  the  glass,  will 
disappear  or  vanish  from  sight  in  the  same  point  C.  If  they 
went  farther  they  must  diverge,  and  the  distance  between  them 
w^ould  appear  larger,  which  is  absurd.  Therefore  the  lines 
appear  actually  to  vanish  at  this  point,  which  is  called  the 
vanishiivj  point  for  this  series  of  parallel  lines. 

12.  All  lines  drawn  in  perspective  may  be  divided  into  two 
kinds,  viz.  those  receding  from  the  picture  plane,  and  those 
parallel  to  it. 

13.  Vanishing    Points. — We    have    already    proved,    by 


^Tovp. 


Fig.  21 


tracing  them  on  our  glass  model  of  the  picture  plane,  that 
representations  of  all  lines  at  riglit  angles  to  that  plane  meet, 
if  produced,  in  the  same  point.  Now  shift  the  box,  so  that 
the  receding  lines  are  no  longer  at  right  angles  to  the  olass, 
and  trace  them  (Fig.  21).  Here  again  it  will  be  seen  that  the 
tracings  of  the  receding  lines  that  are  parallel  to  one  another 


INTRODUCTIOX 


15 


meet  in  a  point ;  consequently,  we  infer  that  the  jiersijectivc 
representations  of  any  set  of  ixiralhi  receding  lines  tvill,  if  j)ro- 
duced,  meet  in  a  2^oint.  Such  a  point  is  called  the  vanishing 
2Joint,  corresponding  to  that  system  of  pai'allel  lines. 

Xote. — Numerals  in  brackets  [  ]  refer  to  the  numbered 
articles  in  this  chapter. 

A  point  P  is  seen  in  the  far  distance ;  a  ray  of  light  from 
tliis  point  to  the  eye  intersects  tlie  picture  plane  in  a  point  ^j 
[10].  All  lines  parallel  to  this  ray  of  light  will  appear  to 
converge  towards  the  point  P,  because  their  distances  from 
the  ray,  as  seen  in  perspective,  graduall}'  diminish  until 
they  vanish.  As  the  point  _/>  on  the  picture  j)lane  is  a  tracing 
of  the  point  P  in  the  distance,  all  the  lines  parallel  to  the 
ray,  drawn  on  the  pictui'e  plane,  must  converge  towards  2^- 
Then  jj  is  called  the  vanishing  point  for  these  lines ;  and  a 
line  from  the  eye  to  2\  the  canishing  'parallel  for  all  lines 
parallel  to  it. 

14.  Point  of  Sight  or  Centre  of  Vision. — The  point  C 
(Fig.  20)  is  called  the  2^oimt  of  sight  or  centre  of  vision,  because 
it  is  directly  opposite  the  eye  of  the  spectator,  or  station  point 
S  (Fig.  19) ;  it  is  the  vanishing  point  for  all  lines  at  right  angles 
to  the  picture  plane. 

15.  Direction  of  Sight. — The  line  joining  the  station 
point  S  to  the  centre  of  vision  C  is  called  the  direction  of  sight, 
or  line  of  direction ;  it  may  be  said  to  be  coincident  with  the 
central  or  2^1'incipal  visual  rag. 

Note. — In  the  examination  papers  of  the  Science  and  Art 
Department  it  is  called  the  line  of  direction,  but  as  this  term  is 
likely  to  be  confounded  by  the  student  with  the  directing  line, 
which  will  be  described  later  [article  31],  we  shall  call  it  the 
direction  of  sight. 

16.  In  whatever  direction  the  spectator  is  looking,  the  2Jictnre 
pkme  is  assumed  to  he  always  at  right  angles  to  the  direction  of 
sight.  The  student  should  bear  in  mind  that  the  eye  is  supposed 
to  be  directed  towards  the  centre  of  vision. 
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Let  us  tliorouglily  understand  the  relation  that  exists  he- 
tween  the  direction  of  sight  and  the  picture  phme,  as  it  ilhis- 
trates  the  fundamental  law  of  all  vanishing  points. 

17.  We  have  already  shown  [13]  that  any  series  of  recetling 
parallel  lines  is  represented  in  perspective  hy  lines  drawn  to 
a  vanishing  point. 

And  we  have  shown  [13]  that  this  vanishing  point  is  where 
the  line  from  the  spectator's  eye,  parallel  to  those  lines  (to 
wliicli  the  name  of  vanishing  parallel  has  been  given),  meets 
the  picture  plane. 

We  have  also  stated  [16]  that  the  picture  plane  is  at  right 
angles  to  the  direction  of  sight ;  consequently,  the  direction  of 
sight  is  tlie  vanishing  f)arallel  for  all  lines  at  right  angles  to 
the  picture  plane.  As  the  direction  of  sight  meets  the  picture 
plane  in  the  centre  of  vision,  a  point  opposite  the  spectator's 
eye  [15],  all  lines  at  right  angles  to  the  2}icture  plane  converge 
toirards  a  j^oint  opposite  the  spectators  eye.  In  other  words,  all 
lines  receding  in  the  same  direction  as  that  in  which  the  spec- 
tator is  looking,  appear  to  converge  towards  the  point  the 
spectator  is  looking  at. 

18.  The  Horizon  Line.  —  Out  at  sea,  on  a  clear  day,  a 
distinct  boundary  line  appears,  where  the  sky  and  sea  appear 
to  meet,  called  the  horizon.  This  line  is  where  the  surface  of  a 
large  sphere — the  Earth — is  seen  against  the  sky.  If  the 
surface  of  the  Earth  were  an  infinite  plane,  instead  of  a  sphere, 
there  would  be  no  appreciable  difference  in  the  position  of 
this  boundary  line,  except  from  a  great  height.  Its  per- 
spective representation  will  evidently  be  a  horizontal  line,  and 
since  one  point  on  it  is  in  the  "direction  of  sight,"  of  which 
C  has  been  shown  to  be  the  perspective,  it  follows  that  the 
horizon  will  be  represented  in  the  picture  by  a  horizontal  line 
through  C.     We  call  this  the  horizon  line. 

19.  N.B. — In  every  picture  the  space  between  the  ground 
line  and  the  horizon  line  represents  in  perspective  a  horizontal 
plane,   viz.   the  ground  plane  [2] ;   infinite   in  extent  towards 
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the  horizon  line,  but  hounded  towards  the  spectator  by  the 
ground  line  [4].  Let  this  be  most  carefully  realised  and 
remembered. 

20.  All  receding  horizontal  lines  have  their  vanishimj  points 
on  the  horizon  line,  for  it  is  evident  that  the  distance  of  each 
from  tlie  ground  plane,  as  seen  in  perspective,  gradually 
diminishes  until  it  vanishes  in  the  infinite  distance,  i.e.  the 
horizon. 

21.  Links  Pauallel   to   the   Picture   1'lane.  —  We  have 
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Fig.  22 


now  to  consider  lines  that  are  not  receding,  i.e.  lines  that  are 
parallel  to  the  picture  plane. 

The  edges,  h,  c,  d,  of  the  box  (Fig.  20)  are  lines  of  this 
character  ;  and  we  shall  find,  by  testing  the  picture  traced  on 
the  glass,  that  ivith  regard  to  all  lines  vjhich  are  2Kirallel  to  the 
'picture  plane,  their  relative  p)Ositions  and  proportions  remain 
unchanged  in  the  picture. 

To  guard  against  a  common  misconception,  it  will  be  as  well 
to  consider  the  matter  more  closely.  With  regard  to  vertical 
lines,  people  are  apt  to  argue  as  follows — "  The  top  of  a  high 
tower  must  be  farther  from  the  eye  than  the  bottom,  conse- 
quently, it  must  appear  smaller."  Let  T  (Fig.  22)  represent  a 
high  tower,  E    the-  position  of  the  eye,  P.P.  the  edge  of   the 
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picture  plane,  and  C  the  centre  of  vision.  Now  it  is  quite 
true  that  the  point  a  is  farther  from  E  than  ?>,  but  its  repre- 
sentation {a)  on  the  picture  plane  is  also  farther  off  than  the 
representation  //  of  5,  and  in  the  same  proportion.  Eenieniber 
the  picture  plane  is  vertical  and  the  eye  is  looking  directly 
at  C. 

If  the  spectator  were  looking  towards  the  top  of  the  tower, 
in  the  direction  of  C,  then  the  picture  plane  would  have  to  be 
moved  into  the  position  P.'l*.',  as  it  must  always  be  at  right 
angles  to  the  direction  of  sight  [16],  in  which  case  the  tower 
would  be  no  longer  parallel  to  P.'P.',  but  its  vertical  edges 
would  be  receding  lines  and  converging  towards  a  vanishing 
point. 

AVe  will  take  anotlier  illustration,  as  these  misconceptions 

are  great  stumbling  blocks  to 
the  proper  appreciation  of  per- 
spective. 

Fig.  23  is  a  plan,  in  which 
A  represents  the  same  tower,  S 
the  station  point  or  position  of 
spectator,  and  P.P.  the  position 
of  the  picture  plane  :  a,  h,  r 
represent  in  plan  both  the 
visible  top  as  well  as  the  cor- 
responding bottom  corners  of 
the  tower.  Then  the  visual 
rays  both  from  the  top  and 
bottom  corners  are  represented  in  plan  by  the  same  lines 
passing  through  a ,  V ,  c\  consequently,  «',  h',  c  are  representa- 
tions in  plan  of  vertical  lines  on  the  picture  plane,  i.e.  the  edges 
of  the  tower  in  the  picture  are  vertical. 

22.  SuEFACES  Parallel  to  the  Picture  Plane. — It  follows 
from  the  preceding  article  that  surfaces  parallel  to  the  picture 
plane  retain,  in  the  picture,  their  geometrical  projjortions ; 
hence  in  Fig.  20  the  corners  are  correctly  drawn  as  right  angles, 
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and  the  proportion  between  the  height  and  Avidtli  of  each  box 
is  made  the  same  as  in  the  model. 

23.  Points  of  Distance.  — We  will  now  take  a  square 
piece  of  paper,  with  a  side  of  about  six  inches,  having  dia- 
gonals drawn  across  it.  Place  it  on  the  ground  plane  to  the 
left  of  the  spectator,  with  one  of  its  edges  parallel  to  the  plate 
glass,  or  picture  plane,  and  trace  it.  Its  tracing  will  appear  as 
shown  ill  Fig.  24. 

If  we  now  produce  the  diagonals  till  they  meet  the  horizon 


Fig.  24 

line,  they  will  give  us  points  P.D.  and  P.I).'.  It  is  found  by 
measurement  that  each  of  these  points  is  equally  distant  from 
C,  and  also  that  the  distance  of  P.D.  and  P.D.'  from  C  is  equal 
to  the  distance  of  the  station  point  (S)  from  C  ;  for  this  reason 
they  are  called  the  points  of  distance. 

They  are  very  important  points,  for  they  are  used  in 
measuring  receding  distances,  or  distances  from  the  picture 
plane. 

We  proceed  to  explain  their  use,  and  to  show  why  it  is 
that  the  point  C  is  equidistant  from  them,  and  from  the  eye  of 
the  spectator,  as  above  stated.  Let  A  and  B  (Fig.  25)  represent 
the  plan  of  two  cubes,  and  S  the  station  point ;  we  need  not 
trouble  about  scale  for  the  present. 

Draw  the  line  P.P.  for  the  position  of  the  picture  plane, 
touching  the  sides  of  the  cubes  nearest  the  spectator,  and  draw 
a  line  D.S.  from  S,  perpendicular  to  it,  for  the  direction  of 
sight.  Where  this  line  meets  the  picture  plane  is  the  centre  of 
vision  (C).  With  this  point  as  centre,  and  CS  as  radius,  mark 
off  the  points  P.D.  and   P.D.'  on  the  line  P.P.     These  are  the 
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points    of    distance.     Join    S     to    P.D.    and     IM).',    and    draw 
diagonals  to  the  tops  of  the  cnbes,  as  shown. 

Then  CS  is  eqnal  to  the  distances  of  P.D.  and  P.D.'  from 
C.     The  angles  which  CS  makes  with  the  lines  joining  S  with 
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P.D.  and  P.D.'  are  45°.  Therefore  the  lines  joining  S  with  P.D. 
and  P.D.'  are  parallel  to  the  respective  diagonals  of  the  plans 
of  the  cubes,  and  consequently  are  vanishing  2}ccrallels  for  all 
lines  parallel  to  them  [13]. 

We  will  now  draw  an  elevation  of  the  picture  plane. 

Draw  any  horizontal  line  G.L.  for  the  ground  line,  and  also 


II  INTRODUCTION  21 

draw  the  horizon  line  H.L.  to  represent  the  lev^el  of  the  eye. 
Cany  up  from  plan  the  points  C,  P.D.,  and  P.D.'  Make 
elevations  of  the  fronts  of  the  cubes,  as  A'  and  B',  by  carrying 
up  from  the  plan  perpendiciilar  lines  called  j^rojccton^. 

As  the  fronts  of  these  cubes  are  parallel  to  the  picture  plane, 
the  receding  edges  must  be  at  right  angles  to  it,  consequently, 
they  must  be  draM-n  to  C.V.  (the  centre  of  vision)  [14]. 

If  we  draw  a  line  from  a'  to  P.D.  it  will  meet  the  line 
drawn  from  h'  to  C.Y.  in  c  ;  and  since  the  angle  o'l/c'  is  the 
perspective  representation  of  the  angle  ahc^  which  is  a  right 
angle,  and  the  angle  h'a'c'  represents  the  angle  hac  which  is  45," 
therefore,  h'c  must  be  the  perspective  representation  of  he, 
which  is  equal  to  ah,  as  will  be  seen  in  plan. 

As  lines  parallel  to  the  picture  plane  are  drawn  geometric- 
ally parallel  to  each  other  [21],  draw  the  back  of  the  cube 
parallel  to  the  line  h'a'. 

The  length  of  the  receding  edges  could  also  be  measured  by 
setting  off /(f  along  the  ground  line,  equal  to  ae,  and  drawing  a 
line  from  d  to  P.D.,  cutting  the  line  from/  to  C.V.  in  c',  and 
then  drawing  lines  parallel  to  the  front  of  the  cube  as  before. 
They  could  also  be  measured  by  drawing  a  line  from  //  to  P.I).', 
the  proof  of  which  would  be  exactly  similar  to  that  given 
above. 

The  student  will  now  see  the  use  of  the  points  of  distance, 
and  why  they  are  called  measuring  points  ;  he  will  also  see 
that  it  is  not  necessary  to  use  both  points  for  this  purpose,  as 
either  of  them  will  serve  for  all  that  is  required. 

Particular  attention  should  be  paid  to  the  following  : — We 
have  now  shown  that  all  lines  parallel  to  the  direction  of  sight, 
as  he,  ae,  etc.,  are  drawn  to  the  centre  of  vision ;  that  all  lines 
parallel  to  the  line  drawn  from  S  to  P.D.,  as  ae,  and  dc,  are 
drawn  to  P.D.  on  the  horizon  line  ;  and  that  all  lines  parallel 
to  the  line  drawn  from  S  to  P.D.',  as  he,  and  hi,  are  drawn  to 
P.D.'  The  lines  from  S  to  C,  P.D.,  and  P.D.',  are  all  special 
instances  of  vanishing  parallels  [13]. 
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To  make  the  explauation  clearer,  we  drew  the  plan  of  the 
cubes,  etc.,  but  this  was  not  really  necessary,  as  we  could  have 
combined  both  plan  and  elevation  in  one  drawing.  For  instance, 
we  could  have  set  off  the  station  point  S  on  a  perpendicular  to 
the  horizon  line  drawn  from  C.Y.  as  s. 


It  is  usual  to  divide  Linear  j^erspective  into  three  kinds, 
viz.  Parallel,  Angular,  and  Oblique. 

24.  Parallel  Perspective.— A  rectangular  object  is  said 
to  be  in  parallel  persitective  when  one  face  of  it  is  parallel  to 
the  picture  plane.  In  such  a  position  it  has  only  one  set  of 
receding  edges  ;  consequently,  the  speciality  of  parallel  per- 
spective is  only  one  vanishing  point,  as  shown  in  Pig.  25. 

25.  Angular  Perspective. — A  rectangular  object  is  said 
to  be  in  amjular  perspective  when  its  base  is  on,  or  parallel 
to  the  ground  plane,  while  it  has  no  face  parallel  to  the  picture 
plane,  as  Fig.  21. 

Let  A  (Fig.  26)  represent  the  plan  of  a  cube,  and  S  the 
station  point. 

If  the  spectator  is  looking  in  the  direction  of  C.V..the 
picture  plane  must  be  in  the  position  shown  by  the  line  P.P., 
i.e.  at  right  angles  to  the  direction  of  siglit,  and  the  object  A 

will  l)e  in  parallel  perspective  [24], 
but  if  the  spectator  were  to  look 
^•'''         in  the  direction  of  C.V'.,  the  pic- 
?      ture  plane  would  be  in  tlie  posi- 
tion sliown  by  the  line  V.'W,  and 
the  object  A  would  be  in  cmgular 
perspective   [25],   because    its  face 
would  be  inclined  to  the  picture 
plane.     It  would  then   have   two 
sets   of  receding  lines,  and,   con- 
sequenth'-,    there    would    be    two 
^°"  "'  vanishing  points. 

26.  Oblique  Perspective. — A  rectangular  object  is  said  to 
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be  iu  ohlique  prrspectivc  when  it  has  no  face  parallel  to  either 
the  picture  plane  or  the  ground  plane. 

S.B. — This  branch  of  the  sul)ject  belongs  to  the  advanced 
stage. 

We  will  now  draw  an  object  iu  angular  perspective. 

Let  A  (Fig.  27)  represent  the  plan  of  a  rectangular  solid 
with  its  longer  edges  receding  to  the  right  at  an  angle  of  30°, 
and  let  its  height  be  equal  to  one-third  of  the  edge  o.c.  Let 
S  be  the  station  point,  and  I'.P.  the  position  of  the  picture 
plane. 

27.  To  FIND  A  Yaxishixg  Point.  —  To  determine  the  posi^ 
tion  of  the  vanishing  point  for  any  given  receding  line,  drav:  a 
line  piarcdlcl  to  it  from  the  eye  till  it  meets  the  picture  plane. 

Let  ah  be  the  given  line  (called  the  original  line)  ;  draw  a 
line  from  S  (the  position  of  the  eye)  parallel  to  it  to  meet 
the  picture  plane  in  Y.P.,  this  is  the  vanishing  point  required 
[13].  The  line  drawn  from  S,  parallel  to  the  given  line,  is 
called  the  vanishing  parallel  of  the  original  line.  Determine 
V.P.'  the  vanishing  point  for  ac  in  the  same  way. 

Draw  any  horizontal  line  G.L.  for  the  ground  line,  and 
assume  it  to  be  on  the  level  of  the  ground  plane.  Draw  the 
horizon  line  H.L.  to  represent  a  line  level  with  the  eye.  Draw  a 
projector  from  a  to  determine  the  nearest  edge  of  the  solid  and 
make  a'e  equal  in  length  to  one-third  of  ac.  Ti'ansfer  V.P.  and 
V.P.'  to  the  horizon  line,  and  draw  lines  to  them  from  a  and  e, 
as  shown. 

To  enable  us  to  determine  the  lengths  of  the  receding  sides 
of  the  solid  we  must  obtain  points  called  measuring  pioints. 

28.  Measuring  Points. — Every  vanishing  point  has  a  cor- 
responding measuring  point. 

To  find  a  measuring  point  for  any  receding  horizontal  line, 
take  the  distance  of  the  eye  from  its  corresponding  vanishing  point, 
and  set  it  off  on  the  horizon  line. 

AVe  will  first  determine  the  position  of  the  measuring  points 
on  plan,  and  then  transfer  them  to  the  horizon  line. 
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With  V.P.  as  centre,  and  the^distance  of  S  from  it  as  radius, 
describe  an  arc  to  meet  P.P.  in  M.P.  :  this  is  the  measuring 
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point  corresponding  to  Y.P.     Determine  ]\r.P/  for 
similar  manner. 
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Transfer  both  these  points  to  the  horizon  line. 

Tlie  trne  length  of  each  edge  of  the  solid  receding  to  the 
left  is  ah.  Set  this  distance  off  from  e  on  the  ground  line,  as 
gB',  and  draw  a  line  from  B'  to  M.P.  to  meet  the  line  from  e 
to  V.P.  in  /.  Then  ef  is  the  perspective  length  of  ah.  DraAv 
a  vertical  line  at  /  to  meet  the  receding  line  from  a  to  V.P. 
in  h' :  ah'  is  the  upper  edge  of  the  solid,  and  this  conipletes  its 
left-hand  side.  Determine  the  right-hand  side  in  a  similar 
manner,  and  complete  the  solid  by  drawing  lines  to  the  respective 
vanishing  points,  as  shown. 

29.  Let  us  consider  these  measuring  points  more  closely. 

Suppose  we  look  for  the  vanishing  point  of  the  line  B6. 
We  find  it  from  the  principle  already  laid  down  [27],  hy  drawing 
a  line  from  the  eye  {i.e.  from  S)  to  meet  the  picture  plane. 
Bnt  since  the  distance  between  Y.P.  and  S  is  equal  to  the 
distance  between  V.P.  and  M.P.,  and  since,  moreover,  the 
line  joining  V.P.  with  S  is  parallel  to  the  line  ah,  and  the  line 
joining  V.P.  with  M.P.  is  parallel  to  aV),  it  follows  that  the 
line  drawn  from  S  to  M.P.  is  parallel  to  B&.  Therefore  M.P. 
is  the  vanishing  point  w^e  are  seeking ;  and  it  is  therefore,  \ve 
know,  the  vanishing  point  for  all  lines  parallel  to  B?>,  i.e.  for 
the  bases  of  all  isosceles  triangles,  of  which  this  angle  a  is  the 
angle  of  the  vertex.  This  explains  M'hy,  in  order  to  measure 
off  lengths  on  receding  lines,  we  first  lay  off  these  lengths  on 
the  ground  line,  and  then  join  their  extremities  to  the  measuring- 
points,  which,  as  we  have  shown,  are  a  special  class  of  vanishing 
point.s. 

The  same  principle  applies  to  V.P'.  and  M.P'.,  the  line 
JYd  being  the  base  of  an  isosceles  triangle,  represented  on 
plan  by  the  line  Dr,  which  is  parallel  to  a  line  joining  S  with 
M.P.' 

This  principle  is  also  ai)plicable  to  parallel  perspective,  and 
applying  it  we  shall  see  that  the  points  of  distance  are  the 
vanishing  points  for  the  bases  of  such  isosceles  triangles  as  we. 
have  been  speaking  of.     Therefore  the  points  of  distance   are 
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the  measuring  point. s  corresponding  to  the  centre  of  vision  (see 
Fig.  25). 

30.  The  points  of  distance  are,  as  just  stated,  measuring  points 
corresponding  to  the  centre  of  vision,  but  we  must  beware  of 
taking  the  centre  of  vision  to  be  a  measuring  point  for  either 
of  the  points  of  distance.  If  we  wish  to  measure  a  line  drawn 
to  a  point  of  distance,  we  must  find  its  corresponding  measuring 
point  in  the  same  manner  as  if  it  were  any  other  vanishing 
point  [28]. 

31.  Directing  Line. — In  Fig.  27  the  angles  of  the  object 
with  the  picture  plane  are  30°  on  the  right  and  60'  on  the  left ; 
knowing  this,  we  could  find  the  vanishing  points  by  setting 
off  these  angles  at  S,  with  the  line  D.L.  drawn*  through  the 
station  point  parallel  to  the  ground  line.  This  line  is  called 
the  directing  line. 

It  is  not  necessary  to  draw  the  plan  of  an  object  to  put  it 
in  perspective  ;  it  has  been  drawn  here  (Fig.  27)  to  make  the 
explanation  clearer.  We  could  mark  off  the  station  point  on 
a  vertical  line  through  the  centre  of  vision,  eitlier  below  the 
horizon  line  as  s,  or  above  it  as  s  ;  the  required  angles  would 
then  be  set  off  from  a  directing  line  at  either  of  these  points, 
as  shown. 

32.  It  should  be  particularly  noticed  that,  since  the  lines 
joining  S  with  V.P.  and  Y.P.'  are  at  right  angles,  the  two 
vanishing  points,  and  the  station  point,  lie  on  a  semicircle. 
This,  of  course,  is  always  the  case  for  rectangular  objects  in 
angular  perspective,  whatever  angles  they  form  with  the  picture 
plane. 

33.  Vaxishixg  Lines. — As  receding  parallel  lines  converge 
to  the  same  point  [13],  receding  parallel  planes  will  converge 
to  the  same  line.     Such  a  line  is  called  a  i-anisliing  line. 

34.  The  vanishing  lines  for  all  planes  perpendicular  to  the 
-picture  plane  must  ptass  through  the  centre  of  cision. 

35.  The  horizon  line  is  [20]  the  vanishing  line  for  all 
horizontal  p)lancs. 
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Let  A  (Fig.  28)  represent  a  parallel  perspective  view  of  the 
small  box  we  have  already  used  as  an  illustration  in  Fig.  20. 
The  face  C  is  a  vertical  plane  perpendicular  to  the  picture  plane, 
so  a  line  drawn  through  C.Y.,  parallel  to  the  edge  oh,  is  the 


^V(5 


To^ 


vanishing  line  for  all  planes  parallel  to  C.  The  face  D  is  also 
a  plane  perpendicular  to  the  picture  plane,  and  a  line  drawn 
through  C.Y.,  parallel  to  the  edge  cd,  is  the  vanishing  line  for 
all- planes  parallel  to  I). 

36.  The  vanishing  line  for  any  receding  jdanc  must  pass 
through  the  vanishing  j^oint  for  any  horizontcd  line  i)i  that  2^1  ane. 

This  seems  scarcely  to  require  proof;  but,  as  an  illustration, 
we  may  take  a  particular  case.  Let  B  represent  the  same  box 
in  angular  perspective  ;  the  face  E  is  a  receding  vertical  plane, 
and  Y.V.'  is  the  vanishing  point   for  the  horizontal  line  ef  in 
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that  plane.     A  vertical  line  drawn  through  V.P.'  is  the  vanishing 
line  for  all  planes  parallel  to  E.     Similarly  the  vanishing  line 
for  the  plane  F  passes  through  the  two  points  A.Y.P.  and  \.V. 
C  is  a  plane  perpendicular  to  the  picture  plane,  and  per- 
pendicular to  the  ground  plane. 
I)  is  a  plane  perpendicular  to  the  picture  plane,  and  inclined 

to  the  ground  plane. 
E  is  a  plane  inclined  to  the  picture  plane,  and  perpendicular 

to  the  ground  plane. 
37.  A^oie. — The  plane  E  is  said  to  be  in  oblique  ijerspcctivc, 


i  ig.  uy 


and  is  inclined  to  both  the  picture  and  ground  planes.  The 
vanishing  lines  for  planes  of  this  character  belong  to  the  advanced 
stage  of  perspective ;  in  fact,  to  find  any  of  these  vanishing  lines 
from  given  data  belong  to  that  stage,  but  it  is  advisable  that 
the  student  in  the  elementary  stage  should  understand  the 
general  principle  of  vanishing  lines. 

38.  There  are  two  other  kinds  of  planes  to  be  considered, 
viz.  ascending  and  descending  planes. 

Let  A  and  B  (Fig.  29)  represent  the  edges  of  two  rectangular 
boards  resting  on  a  block  C,  E  the   position  of  the  eye,  T).S. 
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the  direction  of  sight,  and  YV  (a  vertical  line  througli  C.V.) 
the  edge  of  the  picture  plane.  The  line  EY  drawn  parallel  to 
ha  gives  at  \  the  heiglit  of  the  horizontal  vanisliing  line  of 
the  upper  and  lower  surfaces  of  the  board  A.  The  position  of 
the  vanishing  line  for  B  is  found  in  a  similar  manner  at  Y'. 

We  know  that  the  point  of  distance  is  at  the  same  distance 
from  C.Y.  as  the  distance  of  tlie  eye  from  the  picture  plane,  so 
that,  if  we  know  tlie  angles  these  planes  form  witli  the  ground 


plane,  we  can  find  the  position  of  these  vanishing  lines  without 
making  a  separate  drawing. 

Let  each  of  these  planes  be  inclined  to  the  ground  plane  at 
an  angle  of  40".  Draw  lines  at  this  angle,  at  P.D.  (Fig.  30), 
above  and  below  the  horizon  line,  and  produce  them  till  they 
meet  a  perpendicular  drawn  through  C.Y.  Horizontal  lines 
drawn  through  these  points  are  the  vanishing  lines  required. 

39.  Accidental  Yakishing  Points, — We  know  that  reced- 
ing horizontal  lines,  parallel  to  the  ground  plane,  have  vanish- 
ing points  on  the  horizon  line  [20],  but  lines  that  are  inclined 
to  the  ground  plane  converge  towards  points  either  above  or 
below  the  horizon  line,  called  accidental  vanishing  iwints. 
A.Y.P.    (Fig.    30)    is    the    accidental   vanishing   point    for   the 
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edges  of  the  plane  A,  and  any  receding  line  in  this  plane  (as 
the  diagonal  ah)  will  have  an  accidental  vanishing  point  on 
the  vanishing-line  of  this  plane  as  a.r.jA  The  same  applies 
to  plane  B.  A.Y.P/  is  the  accidental  vanishing  point  of  its 
edges,  and  a  diagonal  to  the  plane  will  vanish  at  a.v.p.',  a  point 
on  the  vanishing  line  of  the  plane.  In  Fig.  28  the  three  lines 
cf,  gli,  and  Iti  are  all  in  the  same  plane  (E),  conseqnently  they 
all  have  their  vanishing  points  in  the  vanishing  line  for  that 
plane,  which  we  know  is  a  vertical  line  through  \.V.' 
Note. — [37]  also  applies  to  accidental  vanishing  points. 

40.  PiCTUPiE  Lines. — The  intersection  of  any  receding  plane 
with  the  picture  plane  gives  a  line  called  the  jt7ic^w?*c  line  of 
that  plane.  The  picture  line  of  the  ground  plane  is  called  the 
ground  line  [4]. 

41.  Tlie  plane  A  (Fig.  29)  produced  towards  the  picture 
plane  will  meet  it  in  P  :  this  is  the  position  of  its  picture  line. 
P'  is  the  position  of  a  similar  line  for  the  plane  B.  These  lines 
are  shown  in  Fig.  30  by  the  horizontal  lines  P.L.  and  P.L.'. 
The  width  of  the  planes  A  and  B  could  be  measured  by  scale 
on  these  lines  ;  for  example, /17  is  the  true  width  of  the  plane  A  ; 
consequently  ^Jt'c^^ryc  lines  are  also  called  measuring  lines. 

42.  Dividing  Points. — It  is  sometimes  necessary  to  divide 
a  receding  line  into  a  given  number  of  equal  or  unequal  parts ; 
this,  of  course,  could  be  accomplished  by  means  of  its  measur- 
ing point,  but  it  sometimes  happens  that  we  have  to  divide  a 
line  that  is  not  parallel  to  the  series  of  lines  for  which  we  have 

YL^ DP  the  measuring  point.    It  would 

^.-'''  be  better,  in  such  an  instance, 

to  use  a  dividing  i)oint. 

Let  ah  (Fig.  31)  represent  a 
receding  line,  which  we  wish  to 
divide    perspectively    into    six 
^ig-  31  equal  parts  ;  and  let  V.L.  repre- 

sent the  vanishing  line  of  any  plane  containing  it.     If  «5  were 
a  receding  horizontal  line,  the  vanishing  line  of  the  horizontal 
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plane  containing  it  would,  of  course,  he  the  horizon  line,  but 
the  principle  of  dividing  points  applies  to  receding  lines  in  any 
position. 

From  a  draw  ac  parallel  to  Y.L.,  and  set  off  from  a,  along  it, 
six  equal  divisions  of  any  convenient  size.  Draw  a  line  from 
c,  through  b,  to  meet  V.L.  in  D.P. ;  this  is  the  dividing  point 
required.  Draw  lines  from  each  of  the  divisions  on  ac  to  D.P. 
to  meet  ah,  which  will  then  be  divided  as  required. 

If  we  were  to  set  off  unequal  distances  on  a<\  and  treat  them 


D.V.P. 


Fig.  32 

in  a  similar  manner,  then  ah  would  be  divided,  perspectively, 
in  the  same  proportion  as  the  line  ac. 

Measuring  points  are  sometimes  called  dividing  points 
because  they  can  be  used  for  this  purpose. 

43.  Diagonal  Vanishing  Points. — Having  givwi  a  square 
drawn  in  perspective,  as  abed  (Fig.  32),  it  is  sometimes  neces- 
sary to  repeat  it,  as  in  drawing  a  pattern  on  a  floor,  etc.,  this 
can  be  more  easily  accomplished  by  means  of  a  diagonal  lanisli- 
ing  point,  because  it  not  only  simplifies  the  M'ork,  but  it  answers 
the  purpose  of  the  two  measuring  points.  Draw  the  diagonal 
bd,  and  produce  it  to  meet  the  horizon  line  in  D.V.P. ;  this  is 
the  diagonal  vanishing  point.  We  can  repeat  the  original 
square  as  often  as  we  clioose,  by  simply  drawing  diagonals  to 
this  point,  as  .shown. 

44.  The  Field  of  Vision. — It  has  already  been  stated  [14] 
that  the  eye  is  supposed  to  be  directed  towards  the  centre  of 
vision.     Tlie  extent  of  our  vision  is  limited  to  a  certain  space 
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surrounding  this  point.     The  angle  of  distinct  vision  (i.e.  the 
angle  subtended  at  the  eye)  is  taken  as  60". 

If  we  assume  the  position  of  the  eye  (Fig.  33)  to  be  the 
vertex  of  a  right  cone,  the  angle  at 
the  vertex  being  60°,  and  the  direc- 
tion of  sight  (D.S.)  its  axis,  the  cone 
will  intersect  the  picture  plane  in  a 
circle ;  the  area  of  this  circle  is  called 
the  field  of  vision.     The  point  on  the 
picture  plane,  opposite  the  spectator's 
eye,  is  the  centre  of  the  field  of  vision. 
The  cone  itself  is  called  the  cone  of 
visual  rays.     The  direction  of  sight  is 
also  called  the  jyrinciiml  visual  ray. 
45.   The  field  of  vision  is  a  space  on  the  picture  2^1  cme  showing 
the  extent  of  distinct  vision.     It  represents  the  base  of  an  imaginary 
cone,  suhtending  an  angle  of  60°,  the  vertex  of  ichich  is  the  p)Osition 
of  the  eye,  and  the  direction  of  sight  its  axis. 

Let  S  (Fig.  34)  represent  the  station  point,  A  and  B  the 
plans  of  two  cubes,  C  the  centre  of  vision,  and  1\P.  the  position 
of  picture  plane. 

Set  off  the  angle  of  vision  at  8  in  the  following  manner : — 
Draw  the  directing  line  D.L.  at  S  [31].  With  S  as  centre,  and 
with  any  radius,  describe  a  semicircle.  AVitli  the  same  radius 
step  off  the  points  e  and  /  ou  the  semicircle,  and  draw  lines 
from  S,  through  them,  to  meet  the  picture  plane.  Tiiis  is 
the  cone  on  plan. 

Draw  the  cubes  in  perspective,  as  described  for  Fig.  25,  and 
draw  a  projector  from  g  to  meet  the  horizon  line  in  g'.  With 
C.V.  as  centre,  and  the  distance  of  g'  from  it  as  radius,  draw 
a  circle.     This  is  the  iield  of  vision. 

In  practice  it  is  better  to  determine  the  radius  of  the  base 
of  the  cone  by  drawing  a  line  from  the  point  of  distance,  at  an 
angle  of  30"  with  the  horizon  line,  to  meet  a  vertical  line 
tlirough  the  centre  of  vision,  as  shown  in  Fig.  34. 
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The  cube  A'  being  inside  the  fiekl  of  vision  has  a  natural 
appearance,  but  B'  being  outside  of  it  appears  to  have  its 
receding  edges  too  long. 

Place  another  cube  1)  on  plan,  and  draw  a  visual  ray  from 


Fig.  -U 

its  corner  &  to  S ;  then  b'a  represents  the  perspective  length  of 
ab  on  the  picture  plane.  Comparing  this  length  with  ac,  the 
front  of  the  cube,  we  shall  find  the  receding  side  appears  longer 
than  tlie  front,  thereby  showing  the  distoi'tion  caused  by  tbe 
visual  rays  passing  too  obliquely  through  the  picture  plane. 
D'  is  the  perspective  view  of  D. 

The  centre  of  vision  is  not  necessarily  the  centre  of  the 

D 


34 


COMPLETE  PERSPECTIVE  COURSE 


Fig.  3-; 


picture ;  we  can  use  any  part  of  the  field  of  vision  to  represent 

the  extent  of  our  subject ;  for  instance,  the  rectangle  marked  A 
(Fig.  35)  shows  the  part  occupied  by 
the  picture  by  Alma  Tadema,  If. A., 
called  "  The  Kiss  '"' ;  in  this  subject  the 
centre  of  vision  is  on  the  extreme  limit 
of  the  drawing,  and  quite  near  the  top. 
Our  picture  could,  if  desired,  occupy 
the  position  marked  by  the  rectangle  B. 
AVhen  the  subject  is  in  parallel  per- 
spective, especially  if  it  is   an  interior 

view,  it  is  considered  to  have  a  more  pleasing  effect  when  the 

centre  of  vision  is  not  in  the  centre  of  the  picture. 

The   largest   drawing    possible    of    any    subject    would    be 

circular  in   shape,  and   would    occupy  the  whole   of  the  field 

of  vision. 

The  limit  of  distinct  vision  only  applies  to  the  object;  the 

vanishing  points,  etc.,  may  be  at  any  distance  from  the  centre 

of  vision. 

46.  Line  of  Heights  and  Vertical  Measuring  Points. 
— It  has  been  stated  [7]  that  objects  fippear  to  get  smaller 
as  they  recede  from  the  eye.  Most  of  the  objects  we  have 
already  illustrated  have  been  drawn  touching  the  ground  line, 
i.e.  with  their  nearest  parts  in  contact  with  the  picture  plane. 

47.  The  three  cubes  (Fig.  36)  are  at  sonie  distance  from  the 
picture  plane,  and  are  said  to  be  iritliin  the  picture.  If  we 
were  to  place  their  nearest  edges  al)  at  AB  they  would  touch 
the  picture.     The  point  e  is  witlwut  the  picture. 

48.  If  they  were  touching  the  picture,  the  heights  of  their 
nearest  edges  could  be  measured  off  at  once  by  the  specified 
scale,  but  if  they  are  within  the  picture,  their  heights  are 
generally  measured  by  means  of  a  line  of  heights  and  vertical 
measuring  point. 

Any  point  on  the  horizon  line  may  be  taken  for  a  Aertical 
measuring  point,  e.g.  we  have  a  perpendicular  ah  (Fig.  36)  upon 
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Avhicli  we  wish  to  iiKnisure  the  lieights  of  three  cubes.  Assume 
any  point  Y.M.P.  on  the  horizon  line,  and  draw  a  line  from  it, 
through  a,  to  meet  the  ground  line  in  A.  Draw  a  vertical  line 
AB.  Set  off  upon  it  the  heights  of  the  cubes  to  the  specified 
scale,  and  draw  a  line  from  each  division  to  V.M.P.  to  meet 
the  vertical  line  ah;  thus  we  get  the  perspective  heights  of 
the  cubes  at  this  distance  Avithin  the  picture.  AB  is  the  line 
of  heights,  and  V.M.P.  is  the  vertical  measuring  point.     If  we 

VMR Ht VMP 
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Fig.  30 


w^ere  to  select  V.^I.P.'  for  the  vertical  measuring  point,  then 
A'B'  would  be  the  line  of  heights. 

49.  The  Point  of  Contact.  —  Produce  one  of  the  lowest 
edges  of  the  lowest  cube  (Fig.  36)  to  meet  the  ground  line  in 
C  ;  this  point  is  called  the  imint  of  contact,  and  is,  generally, 
the  most  convenient  position  for  setting  up  tlie  line  of  heights 
(as  CD),  because  the  A-anishing  point  of  the  object  can  then  be 
used  for  the  vertical  measuring  point. 

It  is  immaterial  which  side  of  the  object  is  used  ibr  this 
purpose,  but  the  line  produced  nmst  always  be  on  the  ground 
plane. 

Fig.  37  shows  the  relative  positions  of  the  principal  points, 
lines  and  planes,  already  described  in  this  chapter. 

The  line  ah  is  receding  to  the  right  at  an  angle  of  40  ;  tlie 
line  ac  is  receding  to  the  left  at  an  angle  of  50':  and  Die  line 
(Jc  is  at  90'"  with  the  picture  plane. 
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These  angles  are  set  off  at  the  station  point,  from  the 
directing  line,  and  vanishing  2'^?'o//f/s  are  drawn  to  meet  the 
horizon  line,  to  determine  the  vanishing  points  for  these 
angles. 

It  should  be  distinctly  understood  that  the  station  point 
and    direction   of  sight  are   not   in   the   same  plane  with    the 
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Fig.  37 


picture  plane,  as  shoAvn  in  Fig.  37 ;  the  direction  of  sight  is 
perpendicular  to  the  picture  plane,  as  shown  in  Fig.  38,  which 
is  a  perspective  view  showing  their  relative  position.  The 
vanishing  parallel  for  ah  (Fig.  38)  is  parallel  to  the  line  ah, 
and  determines  its  V.P.';  in  the  same  wa}',  the  vanishing 
parallel  for  ac  is  parallel  to  the  line  ac,  and  determines  its  V.P. 
The  direction  of  sight  is  the  vanishing  jjarallel  for  the  line  dc 
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{tie  being  at  right  angles  with  tlie  ])icture  phme),  and  ( '.V.  is  its 
vanishing  point. 

It  will  he  seen  from  this  Y\g.  (38)  that  it  is  innuaterial 
whether  we  draw  these  vanishing  parallels  IVoni  the  point 
marked  station  point,  or  iVoni  the  i^oint  !S,  both  points  being  on 


^ 
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lines  perjjendicular  to  the  horizon  line,  and  at  the  same  distance 
from  it. 

50.  We  will  now  consider  the  relation  between  a  drawing 
and  the  picture  plane. 

Let  lis  imagine  that  we  ha^-e  made  a  perspective  drawing  of 
an  object,  to  the  smh  of  \  full  size — this  is  a  very  large  scale, 
but  it  is  convenient  for  our  illustration. 

Let  A  (Fig.  o^d)  rej^resent  the  object,  D  the  drawing,  and 
E  the  eye  of  the  sj^ectator;  also  let  a  be  the  tracing  of  the 
object  on  tlie  picture  plane. 

It  does  not  matter  how  far  the  object  A  is  Avithin  the  jncture, 
our  drawing  is  simply  a  reduced  copy  to  a  given  scale  of  the 
imaginary  tracing  (a)  on  the  picture  plane.  If  we  could  see 
the  tracing  («)  on  the  picture  plane,  and  our  drawing  Avere 
transj^arent,  we  should  find,  on  holding  it  in  a  position  to  cover 
the   tracing  a,  that   its   distance   from   tlie  eve  would   be   one- 
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quarter  of  the  distance  of  the  picture  plane,  i.e.  ds  is  equal  to 
one-fourth  of  j?.?. 

Where  the  lower  edge  of  the  drawing  appears  to  cut  the 
ground  plane  is  the  position  of  the  picture  plane ;  in  the 
illustration  it  appears  to  cut  it  at  ^j.  If  the  lower  part  of  the 
drawing  were  extended  to  r,  the  ground  line  of  the  picture 
plane  would  be  at  /.  As  its  distance  from  the  object  would 
then  be  increased,  the  tracing  of  the  object  upon  it  would  be 
smaller,  because  the  visual  rays  are  closer  together  the  nearer 
they  approach  the  eye ;  but  this  will  not  affect  the  size  of  the 


Fig.  3D 

object  on  our  drawing,  it  will  only  alter  the  proportion  between 
the  tracing  of  the  object  on  the  picture  plane  and  its  representa- 
tion on  the  drawing,  e.(/.  sd  is  one-third  of  sf,  consequently  the 
object  on  the  drawing  will  have  this  proportion  to  the  imaginary 
tracing  on  the  picture  plane,  instead  of  one-fourth,  as  before. 
So  the  amount  of  foreground  we  show  determines  the  position 
of  the  picture  plane. 

Having  now  explained  all  the  principles  of  the  subject,  it 
will  be  an  advantage  if  we  take  a  sketch  from  Nature,  and 
show  the  practical  application  of  some  of  them. 

rig.  40  is  a  group  of  buildings  at  the  entrance  of  Dartmouth 
Harbour,  comprising  the  Cliurch  of  8t.  Petrox,  Dartmouth  Castle 
and  fortifications. 

As  the  lines  A,  B,  etc.,  are  geometrically  parallel  to  each 
other,  they  must  be  parallel  to  the  picture  plane  [21],  consc- 
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queiitly  the  line  C  is  at  rioht  angles  to  it ;  by  producing  this 


"T-^ 


A.  ,\  y     >  J 1  ^  ^.~ 


line  to  meet  the   horizon  (H.L.),  we  determine  the   centre   of 
vision  (C.V.). 
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The  line  D  is  the  diagonal  of  the  square  turret  produced. 
If  we  were  to  continue  this  line  to  meet  tlie  horizon,  it  would 
determine  the  point  of  distance  [23]  ;  so  this  building  is  in 
parallel  perspective  [24],  the  other  buildings  of  the  group  are 
in  angular  perspective  [25]. 

The  line  E  is  the  line  produced  of  the  ridge  of  the  nearest 
roof  of  the  church,  and  where  this  line  meets  the  horizon  line 
is  the  vanishing  point  for  all  lines  parallel  to  E.  Any  of  the 
lines  of  this  building  receding  to  the  right  could  be  produced 
to  the  horizon  to  obtain  the  other  vanishing  point,  but  having 
obtained  one  vanishing  point,  \vith  the  centre  of  vision  and 
point  of  distance,  it  is  possible,  from  what  has  been  already 
shown  [31]  to  obtain  the  other;  the  method  of  doing  this  will 
be  more  fully  explained  in  Chapter  VIII. 

Having  obtained  these  points  we  could  determine  the 
distance  from  the  picture  plane,  as  well  as  from  the  spectator, 
of  any  part  of  these  buildings,  providing  its  actual  size  is  known  ; 
but  this  will  also  be  explained  in  Chapter  YIII. 

Eig.  41  is  a  practical  illustration  of  the  use  of  accidental 
vanishing  points,  etc.  If  the  lines  A  and  B  were  produced, 
they  would  meet  in  a  point  which  would  deternune  the  level 
of  the  horizon  line  (H.L.),  for  they  are  receding  horizontal  lines 
[20]  ;  this  point  would  be  the  vanishing  point  for  all  lines 
parallel  to  A  and  B.     The  same  rule  applies  to  the  lines  C  and  D. 

If  the  line  E  were  produced  to  the  horizon  line  it  would 
determine  the  vanishing  point  for  all  the  horizontal  lines  of 
the  gate. 

The  lines  E  and  G  produced  would  determine  the  accidental 
vanishing  point  for  all  lines  parallel  to  them.  The  same  rule 
applies  to  the  lines  K  and  L.  These  two  accidental  vanishing 
points  would  be  on  a  vertical  line  drawn  through  the  vanishing 
point  for  the  lines  C  and  D.  This  line  is  the  vanishing  line  for 
all  planes  parallel  to  the  i)lane  containing  the  lines  G  and  K 
(see  Eig.  28). 

The  figure  is  introduced   to   show  the  scale  of  the  sketch. 
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As  the  liorizon  line  is  below  the  level  of  the  eyes  of  the  figure, 
it  shows  that  the  eye  of  the  spectator  is  also  at  a  lower  level  [18]. 
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Candidates  for  the  elementary  stage  of  the  Science  and  Art 
examinations  will  be  expected  to  answer  some  simple  questions 
on  the  theory  of  perspective. 

The  following  questions  on  the  theory  of  perspective,  several 
of  which  have  been  adapted  from  the  questions  given  in  Science 
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and  Art  examination  papers,  will  test  the  student's  knowledge 
of  the  points  treated  of  in  this  chapter.  Eeferences  to  articles' 
containing  the  necessary  information  are  given  in  brackets. 


EXERCISES 

Theory 

1.  To  what  line  do  all  receding  horizontal  lines  converge  [20]  T 
State  what  horizontal  lines  have  no  vanishing  point  [21]. 

2.  Define  the  following  terms:  Centre  of  field  of  vision  [14]  ; 
line  of  direction  [15] ;  angle  of  vision  [44] ;  also  state  the  relations 
they  bear  to  each  other. 

3.  Define  the  picture  plane  [5]  and  the  ground  plaiie  [2],  and 
explain  their  relative  positions  [3]. 

4.  What  is  the  nearest  edge  of  the  ground  plane  in  the  picture 
called  [4],  and  how  far  does  the  ground  plane  extend  [19]  ] 

5.  Define  the  line  of  direction.  What  important  points  lie 
upon  it  [15]  ? 

6.  How  are  points  of  distance  found,  and  what  lines  con- 
verge towards  them  [23]? 

7.  What  lines  converge  to  the  centre  of  vision  [14]  1 

8.  Why  is  the  horizon  line  the  vanishing  line  of  all  horizontal 
planes  [33]? 

9.  State  the  rule  for  finding  the  vanishing  point  for  any  given 
receding  line  [27]. 

10.  How  do  measuring  points  enable  us  to  measure  receding 
lines  [29]  ? 

11.  What  is  the  relation  between  the  ground  line  and  the 
horizontal  line  [19]? 

12.  State,  briefly,  what  you  consider  the  essential  principle 
involved  in  the  perspective  representation  of  an  object  [9]. 

13.  What  is  the  cone  of  visual  rays  [44]?  State  its  usual 
limits  [45]. 

14.  How  are  measuring  points  found  [28]  ? 

15.  How  are  lines  drawn  to  the  points  of  distance  measured  [30]? 

16.  How  are  lines  drawn  to  the  centre  of  vision  measured  [23]  1 

17.  Why  should  the  perspective  representations  of  receding 
parallel  lines  converge  [7]  ?     How  can  this  be  proved  (Fig.  20)  ? 

18.  What  is  the  station  point  [11]  :  and  what  is  its  relation  to 
the  horizon  line  [15  and  16]  ? 

19.  Define  the  terms  tvithin  and  wifhout  the  picture  [47]. 
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20.  What  is  lineai'  perspective  [1]  ? 

21.  What  are  visual  rays  [9];  and  what  is  the  principal  visual 
ray  called  [44]  1 

22.  What    is    the    difference    between    parallel     and    angular 
perspective  [24  and  25]  ? 

23.  Describe    certain    parallel    lines    that    have    no    vanishing 
point  [21]. 

24.  What  is  a  plan  ?     Explain  the  difference  between  a  plan 
and  an  elevation  (Fig.  14). 

25.  Explain  the  use  of  the  directing  line  [31]. 

26.  What  are  picture  lines  [40]  1 

27.  Where  do  receding  parallel  lines  meet  when  they  are  not 
horizontal  [39]? 

28.  What  is  the  line  of  heights  [46]  ? 

29.  What  is  the  point  of  contact  [49]  ? 

30.  What  is  a  dividing  point  [42]  ? 

31.  What  is  a  vertical  measuring  point  [46]  ? 

32.  What  is  a  diagonal  vanishing  point,  and  what  advantage  is 
gained  by  using  it  [43]  ? 

33.  Describe  how  the  position  of  the  picture  plane  affects  the 
representation  of  the  object  [50]. 

34.  What  is  the  difference  between  the  perspective  horizon  and 
the  natural  horizon  [18]? 

35.  What  is  a  measuring  line  [41]  ? 


CHAPTEK    III 

PERSPECTIVE    FOR    SCIEN'CE    AND    ART    STUDENTS 
ELEMENTARY  STAC4E 

Points,  Lines,  Planes,  and  Simple  PiEctangular  Solids 

XoTE. — The  student  should  work  oat  the  following  problems 
to  twice  the  specified  scale. 

In  the  preceding  chapter  abbreviations  have  been  omitted, 
in  order  that  by  the  repetition  of  the  names  of  the  different 
points,  etc.,  the  student  might  more  readily  become  acquainted 
with  them,  but  in  the  succeeding  chapters  the  following 
abbreviations  will  be  used  : — • 

P.P.  =  Picture  Plane  P.D.  =  Point  of  Distance 


G.l^  =  Ground  Plane 
■G.L.  =  Ground  Line 
H.L.  =  Horizon  Line 


y.V.  =  Vanishing  Point 
M.P.  =  Measuring  Point 
D.L.  =  Directinir  Line 


D.S.  =  Direction  of  Sight  Y.L.  =  Vanishing  Line 

C.V.  —  Centre  of  Vision  j  A.V.P.  =  Accidental  A'anishing 

i  Point 

N^ote. — The    numerals    enclosed    in    l^rackets    refer    to    the 
numbers  of  the  articles  in  Chap.  IL 

Points  in  given  Positions 

N'ote. — Feet  are  expressed  by  one  dash  ('),  and  inches  by 
two  da.shes  ("),  thus  3  feet  6  inches  would  be  written— 3'  G". 
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Fig.  42  represents  a  cube  of  2'  edge  in  parallel  perspective 


[24]. 


Distance  of  1\V.  =  9'.     Hchjht  of  spectators  ci/r  =  5'.      Scale 


1"  =  y 


A  is  a  point  on  the  G.l'.  directly  opposite  the  spectator,  and 
4'  from  the  P.P.,  i.e.  at  a  distance  within  the  picture  equal 
to  aa. 

B  is  on  the  G.P.,  4'  from  the  G.L.,  and  2'  to  spectator's  left, 


cv 


Dan7~3.c, 


^A 


G.L. 
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'-•4, 


'*e 


i.e.  at  a  distance  within  the  picture  equal  to  cut,  and  to  spec- 
tator's left  equal  to  cib. 

C  is  4'  from  the  P.P.,  and  2'  above  the  G.P.,  i.e.  at  a  distance 
within  the  picture  equal  to  aa',  and  a  height  above  the  G.P. 
equal  to  a'c. 

1)  is  4'  from  the  P.P.,  2'  to  spectator's  left,  and  2'  above  the 
G.P.,  i.e.  at  a  distance  within  the  picture  equal  to  aa,  to  spec- 
tator's left  equal  to  «&,  and  at  a  height  above  the  G.P.  =  Id. 

E  is  4'  from  the  P.P.,  and  IJ'  below  the  G.P.,  i.e.  at  a  distance 
from  P.P.  =  aa',  and  at  a  distance  below  the  G.P.  =  a'e. 

F  is  4'  from  the  P.P.,  2'  to  tlie  spectator's  left,  and  V  below 
the  G.P.,  i.e.  at  a  distance  from  the  P.P.  =  aa',  to  the  spectator's 
left  =  ah,  and  below  the  G.P.  =  If. 

We  will  now  proceed  to  find  each  of  these  points  in  per- 
spective from  the  given  data. 
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Pkoblem  1 

Determine  the  positions  of  the  following  p)oints  in  2'^crspcctivc. 
Distance   of    P.P.  =  9'.       Hciglit   if  spectators   eye  —  o'.       Scale 

Y  =  r.     Fig.  43. 
A  to  he  on  the  G.P.,  and  in  the  P.P.  3'  to  spectator  s  right. 
B  to  he  on  the  G.P.,  2'  from  P.P.,  and  directly  opposite  the  spectator. 
C  to  he  on  the  G.P.,  6'  from  P.P.,  and  5'  to  spectator s  left. 
D   to   he   opjMsite   the   spectcdor,  4'  from   the   P.P.,  and   3'  cd)ove 

the  G.P. 

Draw   G.L.  to   represent   the  level  uf  the  G.P.  [4],  and  5' 
above  it  at  the  level  of  the  eye,  draw  H.P.  [l>i]. 


Id 


■  c  ■-. 


-©, 


h' 


^^ 
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Assume  the  point  C.V.  to  be  a  point  opposite  the  eye  [14], 
and  set  off  9'  from  it  for  the  IM).  [23]. 

Draw  a  perpendicular  from  C.Y.,  meeting  the  G.L.  in  h.  Set 
off  3'  from  h  on  the  G.L.  to  the  right.     This  is  the  point  A. 

To  find  the  point  B,  set  off  hV  on  the  G.L.  (2'),  and  draw 
h'  to  P.D.,  meeting  a  perpendicular  on  h  in  B,  the  point  required. 

Set  off  he  D  to  the  left,  and  join  c  to  C.Y.  Set  off  6'  to  the 
right  of  c,  as  c,  and  draw  a  line  from  c'  to  P.D.,  cutting  the 
receding  line  from  c  in  C.     C  is  the  point  required. 

Set  off  hd  —  4'.  Draw  the  perpendicular  dd'  =  3'.  Join  d'  to 
P.D.,  meeting  the  perpendicular  on  h  in  3).  D  is  the  point 
required. 
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Problem  2 

Determine  the  positions  of  tin-  foUowiiKj  points. 

Distance    of    IM'.  =  0'.       Hi'ujJit    of   spectators    eije  —  W.       Scale 

1"  =  r.     Fig.  44. 
E  to  he  V  from  V.V.,  2'  to  sjjectators  rigltt,  and  G'  above  G.P. 
P  to  he  opposite  the  s2')cctator,  4!  from  P.P.  and  2'  helon:  G.P. 
O  to  he  l^)'  from  P.P.,  6'  ?'o  spectator  s  left,  and  1'  Z^c/o/r  G.P. 

Drav,'  the   G.L.  and   H.L.,  and   mark   the   points    C.Y.  and 

e" 


E 


fa 


^ 


0" 


-/ 


FiL'.  -ii 


P.D.  as  in  the  preceding  problem.  Draw  a  perpendicular  from 
C.V.  to  meet  G.L.  in  a.  Set  off  ac  (2'),  and  join  e  to  (^.Y.  Set 
off  ee  {!'),  and  draw  e'  to  I'.D.,  intersecting  the  receding  line 
from  c  in  c".  Erect  a  perpendicular  at  e',  6'  high,  which  gives  e'". 
Join  this  point  to  C.Y.,  cutting  a  perpendicular  on  c"  in  E,  the 
point  required. 

Set  off  of  (4').  Draw  /  to  P.D.,  cutting  the  receding  line 
from  a  in  /'.  Draw  a  perpendicular  from  /  2'  long,  Avhich  gives 
J".  Join  this  point  to  P.D.  to  meet  a  perj^endicular  from  /"  in 
r,  the  point  required. 

Set  off  af  =  6',  and  draw  f  to  C.Y.  Set  off  (fij  =  a',  and 
■draw  g  to  I'.D.,  cutting  the  receding  line  from  f  in  f.     l)]'aw 
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the   perpeudicular   y' (/'=!',  and  draw  //'"   to    C'.V.,    cutting    a 
perpendicular  from  //"  in  G,  the  point  required. 

The  following  is  an  inverse  prol)lein,  i.e.  points  are  given  in 
perspective,  and  their  positions  are  to  be  determined. 

It  will  be  seen  from  the  preceding  problems  that  the  position 
of  a  point  is  determined  by  the  three  following  distances,  viz. — 
(1)  Its  distance  from  the  P.P.  (2)  Its  lateral  distance,  ix.  its 
distance  to  the  right  or  left  of  the  centre  of  the  picture  j)larie. 
(3)  Its  vertical  distance  above  or  below  the  G.P.  And  if  a 
point  is  given  in  perspective,  and  one  of  these  distances  is 
known,  the  others  can  be  determined. 

PROBLE>r    3 

Determine  the  positions  of  the  folloiving  j^oints  given  in  perspec- 
tive, with  refernice  to  the  spectator,  P.P.,  and  G.P. 

Distance  of  I'.P.  =  0'.  Height  of  eyr  =  5'.  Scale  Y  ^  !'• 
Ym.  45. 


1.  A  is  on  the  P.P.     2.  B  is  on  the  G.P.     3.   C  is  2'  to  spec- 
tators left.     4.  D  is  Q'frorn  P.P.     5.  E  is  IV  above  the  G.P. 


e.:V,E 


-:& 


■    d. 


^•r 


!<?a"'^^" 


c"    "a 


Fk.  45 


1.  When  a  point  is  in  the  P.P.,  its  position  can  be  determined 
at  once  by  the  specified  scale,  e.g.  A  will  be  found  to  be  2'  to 
spectator's  right,  and  3'  above  the  G.P. 

2.  Draw  a  line  from  C.Y.,  through  B,  to  meet  the  G.L.  in 
h.     Draw  a  line  from  P.D.,  through  B,  to  meet  the  G.L.  in  ?/. 
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Then  ho  is  its  distance  to  spectator's  left,  and  hh'  its  distance 

froin  r.r. 

3.  Set  off  (jc  =  2',  and  draw  c  to  C.V.  Draw  a  perpendicular 
from  C  to  meet  this  line  in  c.  Draw  a  line  from  C.V.,  through 
C,  to  meet  a  perpendicular  on  c  in  c".  Draw  a  line  from  P.D., 
through  c,  to  meet  the  G.L.  in  <■"'.  Then  co  is  its  distance  to 
spectator's  left  cc"  its  distance  from  P.P.,  and  co"  its  heiglit 
above  the  G.P. 

4.  Set  off  on  the  G.L.,  from  any  line  drawn  to  C.V.,  the  point  h 
for  instance,  &«  —  6',  and  draw  a  to  P.D.  to  meet  the  receding 
line  from  h  in  (7.  Draw  a  horizontal  line  from  d  to  meet  a  per- 
pendicular from  D  in  d'.  Draw  a  line  from  C.V,,  through  df,  to 
meet  the  G.L.  in  (/".  Draw  a  line  from  C.V.,  through  D,  to  meet 
a  perpendicular  on  d"  in  d"'.  Then  od"  is  its  distance  to  spec- 
tator's right,  ho.  its  distance  from  P.P.,  and  d"d"'  its  height  above 
the  G.P. 

5.  Draw  any  horizontal  line  ([V,  IV  above  the  G.L.,  and 
draw  a  line  from  C.V.,  through  E,  to  meet  this  line  in  /■.  Draw 
a  perpendicular  from  r  to  meet  the  G.L.  in  s.  Draw  a  line  from 
s  to  C.V.  to  meet  a  perpendicular  from  E  in  c'.  Draw  a  line 
from  P.D.,  through  c',  to  meet  the  G.L.  in  0.  This  happens  to 
coincide  with  0,  the  foot  of  the  perpendicular  from  C.Y.  on  the 
G.L.  Therefore  os  is  its  distance  to  spectator's  left ;  os  is  also 
its  distance  from  P.P.,  and  sr  its  height  above  the  G.P. 

Problem  4 

Draw,  ill  2Kirallcl  2JS^^S23cctive,  9  cubes  of  1'  edge,  cdl  standing  on 
the  ground  2)h(nc,  V  cqxirt,  symmetriccdly  arranged  in  3  rows 
forming  a  square.  The  front  faces  of  the  front  roiv  cdl  lie 
in  the  picture  plane,  and  the  right-hand  edge  of  the  middle 
cube,  of  this  rou;  is  directly  op)posite  the  spectator. 

Distance  of  Vlff=  8'  6".  Height  of  spectator  s  eye  =  4'.  Sccde 
\"  =  V.     Fig.  4G. 

Draw  G.L.  to  represent  the  level  of  the  ( r.P. ;  and  4'  above 

E 
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it  (the  height  of  spectator's  eye)  di'aw  H.L.  Assume  C.Y.  to 
be  a  point  opposite  the  spectator's  eye,  and  set  off  from  it,  along 
H.L.,  8'  6"  lor  the  P.D. 

Draw  a  perpendicular  from  C.V.  to  meet  G.L.  in  a.  Draw 
the  front  face  of  the  middle  cube  of  the  front  row  touching 
this  line,  as  shown,  and  at  a  distance  of  1'  on  each  side  of  it, 
draw  another  equal  square. 

Draw  the  receding  lines  of  the  three  cubes  to  C.Y. 

To  determine  the  tops  and  spaces  between  the  cubes,  draw 
a  line  from  the  corner  &,  of  cube  A,  to  P.D.  to  meet  the  receding 


if^ 


""■--£ 

^ 


M 


// 


^i 


Fig.  46 

line  from  corneryiu  c.  Draw  the  horizontal  line  ce  parallel  to 
fh ;  then  draw  a  line  from  e  to  P.D.  to  meet  the  receding  line 
fromy'  in  d,  and  so  on  till  the  live  receding  feet  are  determined. 
If  we  were  to  treat  each  row  of  cubes  in  the  same  manner  we 
should  find  that  lines  joining  the  corresponding  cubes  in  eacli 
row  formed  parallel  lines,  as  ci  and  gh,  as  evidently  they  ouglit, 
since  the  corresponding  points  of  each  row  are  at  the  same 
distance  from  P.P. 

Having  obtained  all  the  tops   of  the  cubes,  draw  perpen- 
dicular lines  for  the  sides,  and  complete  them  as  shown. 


Peespective  Scales 

When  a  number  of  points  have  to  be  found  in  perspective, 
the  work  can  be  greatlv  facilitated  bv  means  of  two  receding 
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parallel  lines,  one  foot  apart,  drawn  to  the  C.V.,  called  a  ixr- 
spective  scale. 

This  scale  enables  us  to  determine  the  apparent  size  of  a  foot 
at  any  distance  from  the  P.P.  Any  two  lines,  one  foot  ajjart, 
drawn  to  the  C.V.,  would  answer  this  purpose,  e.g.  any  two  of 
the  receding  lines  forming  the  top  edges  of  the  cubes  in  Fig. 
46,  but  it  is  more  convenient  to  place  them  as  shown  by  the 
lines  drawn  from  a  and  h  to  C.V.  in  Piy-.  47. 


Pkoblem  5 

Dravj  the  folloioing  lines  in  persijcctive  hy  the  positions  of  their 

extremities,  using  a  perspective  scale. 
Distance  of  P.P.  =  8'.     Height  of  spectator' s  eye  =  4'.    &cale  Y  ==  !'• 

Fig.  47. 

A  to  have  hoth  ends  V  from  P.P.  ;  one  end  to  hr  T,  and  the  other 
4'  tu  spectator  s  left. 


Fig.  4? 


B  to  have  hoth  ends  1'  from  P.P.  and  2>'  to  spectator  s  right ;  one 

end  to  rest  on  the  G.P.,  and  the  other  2'  cihove  if. 
C  to  rest  on  the  G.P.,  %vith  hoth  ends  2'  to  spectator's  left ;  one  end 

to  he  2',  and  the  other  0  from  P.P. 
D  to  have  hoth  ends  1'  from  P.P.  ;  one  to  rest  on  tlie  G.P.,  1'  to 

spectator  s  right,  and  the  other  3'  to  his  light  and  2'  ahovc 

the  G.P. 
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E  to  lie  on  the  Cr.F.,iuith  one  end  'd'  froni  P.P.  and  1'  to  spectators 

left ;  the  other  end  to  he  ^'  from  P.P.  and  -4'  to  his  left. 
F  to  have  hath  ends  i'  to  sj^ectafor's  left ;  one  to  he  o' from  V.Y.and 

resting  on  the  G.P.,  the  other  end  to  he  (}>' from  P.P.  and  3' 

ahove  the  G.P. 
G  to  have  one  end  resting  on  the  G.P.,  5'  from  P.P.  and  2'  to 

spectator's  lift ;  the  other  end  to  he  S'from  P.P.,  2'  to  his  right, 

and  3'  ahove  the  G.P. 
Draw  the  G.L.  and  4'  above  it  (the  height  of  the  eye)  draw 
the  H.L.     Assume  C.Y.  to  be  a  point  opposite  the  spectator's 
eye,  and  set  oft'  8'  (the  distance  of  I'.P.)  from  C.Y.  for  the  P.I). 

Draw  a  perpendicular  from  C.V.  to  meet  the  H.L.  iu  a.  Set 
off  ah  =  1'  and  join  h  to  C.V.  This  forms  a  perspective  scale. 
Draw  a  line  from  h  to  P.D.,  cutting  the  perpendicular  at  a  in  h'. 
Draw  the  line  h'd  parallel  to  H.L.  and  produce  it  to  the  left.  Set 
off  the  distances  of  the  points  forming  the  extremities  of  line  A 
on  this  line,  using  the  perspective  foot  h'd  fur  this  purpose. 

Produce  h'd  to  the  right,  and  from  h'  set  off  three  perspective 
feet  equal  to  h'd.  This  will  give  the  lower  end  of  line  B.  Erect 
a  perpendicular  from  this  point  twice  h'd  in  length.  This  is  the 
line  required. 

Measure  another  receding  foot  in  the  perspective  scale  by 
drawing  d  to  P.D.  to  meet  the  receding  line  from  a  in  c'.  Draw 
the  horizontal  line  c'i,  and  produce  it  to  the  left.  Set  off  from  c' 
three  perspective  feet  each  equal  to  c'i.  This  will  determine  the 
nearer  end  of  line  C.  Measure  three  more  receding  feet  in  the 
perspective  scale  to  obtain  the  point  h.  Draw  a  horizontal  line 
through  this  point  to  the  left,  and  set  off  three  perspective  feet 
equal  to  hg  from  h.  This  will  determine  the  farther  end  of 
line  C.  Join  these  points  This  line  produced  should  vauish 
in  C.V. 

Determine  all  the  remaining  points  in  the  same  manner,  and 
join  them  to  obtain  the  lines  D,  E,  F,  and  G. 

If  we  set  olf  5'  from  a,  as  an,  and  draw  n  to  C.V.,  we  net  a 
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perspective  scale  for  5',  then  na  :  ah  :  :  5  :  1,  and  any  lines  drawn 
parallel  to  G.L.,  throughout  these  two  scales,  have  this  same 
])roportion.  If  we  \vish  to  measure  a  long  distance  from  the 
P.P.  it  would  be  better  to  use  the  larger  scale  and  get  five  receding 
feet  at  a  time  instead  of  one  foot  as  in  the  smaller  scale,  or  we 
could  construct  a  perspective  scale  for  ten  feet  and  get  ten  reced- 
ing feet  at  a  time. 

Each  of  the  lines  illustrated  in  Fig.  47  has  special 
characteristics,  e.g. — 

A  is  parallel  to  the  P.P.  and  parallel  to  the  G.P. 

B  „  ,,  „     perpendicular  to  the  G.P. 

C  is  perpendicular  to  the  P.P.  and  parallel  to  the  G.P. 

D  is  parallel  to  the  P.P.  and  inclined  to  the  G.P. 

E  is  inclined         ,,  „     parallel     „  ., 

E  „  „  „     inclined    „  ,,  but  in  a 

plane  perpendicular  to  both  the  P.P.  and  G.P. 

G.  is  inclined  to  both  the  P.P.  and  G.P. 
We  will  first  take  lines  similar  to  A,  P),  and  C,  in  position, 
and  draw  them  from  given  data  ;  then  we  will  take  planes  con- 
structed from  such  lines,  after  which  we  will  determine  rect- 
angular solids  formed  by  such  planes. 

If  we  assume  the  perpendicular  at  a  to  be  the  edge  of  the 
P.l'.,  and  P.D.  the  station  point,  a  visual  ray  [9]  dra\vn  from 
h  to  P.D.  will  give  the  point  h'  on  the  P.P.,  consequently  ah'  will 
represent  its  receding  distance  on  the  P.P. ;  and  as  ah  is  a  foot, 
ah'  must  represent  a  receding  foot.  If  we  were  to  draw  a  line 
from  c  to  P.D.  (2'  from  a),  ac  would  represent  its  receding 
distance  on  the  P.P.  It  will  be  seen  that  a  line  drawn  from  d 
would  answer  the  same  purpose  as  drawing  it  from  c ;  so  every 
succeeding  line  in  the  perspective  scale  drawn  to  P.D,  will 
measure  an  additional  receding  foot  from  the  P.P. 

A  point  e  halfway  between  the  G.L.  and  the  H.L.  will 
always  represent  a  receding  distance  equal  to  the  distance  of 
the  station  point  from  the  P.P.  Since  e  is  8'  from  the  P.P.,  the 
same  distance  as  P.D.  is  from  C.^".,  if  we  were  to  draw  a  line 
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from  P.D.  through  e  it  would  meet  the  G.L.  in  a  point  the  same 
distance  from  a  as  P.D.  is  from  C.V.  The  line  ef  being  twice 
as  far  from  the  spectator  as  ab  will  be  half  as  long  [7]. 

The  line  drawn  from  a  to  C.V.  being  a  receding  line  lying 
on  the  G.P.,  its  distance  below  the  H.L.  will  always  be  the 
same  at  any  distance  from  the  P.P.  If  we  take  any  horizontal 
line  in  the  perspective  scale,  called  a  perspective  foot,  we  shall 
find  that  it  is  four  times  its  own  length  below  the  H.L.,  because 
the  height  of  the  eye  is  4'. 

The  use  of  the  perspective  scale  enables  us  to  dispense  with  the 
line  of  heiglits  [46],  as  by  its  use  we  can  determine  the  apparent 
size  of  a  foot  at  any  distance  from  the  picture.  It  is  therefore 
unnecessary  to  produce  every  line  to  meet  the  P.P.  in  order  to 
measure  it.  This  is  a  great  advantage,  and  when  we  come  to 
measure  receding  lines  and  planes  inclined  to  the  G.P.,  we  shall 
find  our  work  greatly  facilitated  by  the  use  of  the  perspective 
scale. 

If  we  wished  to  find  a  point  at  a  long  distance  from  P.P.  it 
would  be  advisable  to  construct  a  perspective  scale  for  10  feet 
or  more,  according  to  the  distance  required ;  we  will  illustrate 
this  in  the  following  problem. 

Problem  6 

Find  the  position  of  a  point  A,  124'/ro;?i  P.P.,  80'  to  spectator  s 

left,  and  20'  above  the  G.P. 
Distance   of    P.P.  =  12'.      Hcvjht    of    eye  -  5'.       Hccde    i"  =  f . 

Fig.  48. 

Determine  the  G.L.,  H.L.,  C.Y.,  and  perspective  scale  for  one 
foot  (Prob.  5). 

Set  off  «c=10',  and  draw  c  to  C.V.  It  will  be  better  to 
measure  off  the  odd  number  of  feet  first,  so  set  off  cd  =  4'  and 
draw  d  to  P.D.,  meeting  tiie  receding  line  from  c  in  e.  Draw  a 
horizontal  line  through  c,  as  cf,  and  draw/ to  P.D.  to  obtain^. 
As  ^/is  10' long,  ^  must  be  14' from  P.P.     Draw  a  horizontal 
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line  thvongli  //,  as  <jJt,  and  produce  it  to  /,  making  gi  =  fi]i_  Draw 
a  line  from  i  to  C.V.,  and  diaw  a  line  from  //  to  P.D.  to  meet 
this  line  in/  As  /A  =  20', /must  be  34' from  P.P.  Draw  a 
horizontal  line  through/,  and  make ^m  =  A:/.  J)m\x  m  to  C.V., 
and  I  to  P.D.,  to  meet  this  line  in  n.  As  ml  =  30',  n  must  be  64' 
from  P.D.     Draw  a  horizontal  line  through  n,  and  make  vj^  =  no. 


Draw  23  to  C.Y.,  and  o  to  I'.D.,  to  intersect  each  other  in  q. 
As  2^0  =  60',  q  must  be  124'  from  P.P.  This  is  the  distance 
required. 

Draw  a  horizontal  line  through  q,  and  make  qt  =  rs.  As  q  is 
60  to  spectator's  left,  and  is  =  20',  t  must  be  80'  to  the  left  of 
the  spectator.     This  is  the  distance  required. 

At  t  erect  a  perpendicular  tA  —  rs.     A  is  the  point  required. 

If  M'e  had  to  obtain  a  point  23'  above  the  G.P.,  we  could 
obtain  the  size  of  a  foot  at  this  distance  in  tlie  perspective 
scale  ab,  three  of  which  added  to  rs  would  give  tlie  height  of  the 
perpendicular  at  t. 

Problem  7 


JJro.  w  ike  follov:ing  lines  in  perspective. 

A  to  he  3'  lo7iff,  lying  on  the  G.P.  ^ja;*a//eZ  to  the  P.P.,  loith  its 
nearer  end  2'  to  spectator's  left  and  2'  from  the  P.P. 
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B  to  he  6'  loyig,  pcjyendicidar  to  the  G.P.,  vith  its  loicer  end 
resting  on  the  G.P.,  6'  from  P.P.  and,  3'  to  spectators  left. 

C  to  he  5'  long,  lying  on  the  G.P.  perpend icxdar  to  the  P.P.,  vnth 
its  nearer  end  2>'  from  P.P.  and  6'  to  spectators  left. 

Distance  of  P.P.  =  8'.    Height  of  eye  =  5'.     Sccde  i"  =  1'.     Fig.  49. 

Draw  (t.L.  to  represent  the  level  of  the  G.I*.  Set  up  5'  for 
the  height  of  the  eye,  and  draw  H.L.  Assume  C.V.  to  be  a 
point  opposite  the  eye,  and   set  off  from  it  P.D.  equal  to  the 


FiK.  49 


distance  of  P.P.  Draw  a  perspective  scale  for  one  foot,  as  ah 
(Prob.  5). 

Set  off  ac  (2')  and  draw  c  towards  C.Y.  to  meet  a  line  drawn 
from  a  to  P.D.  This  gives  d,  the  right-hand  end  of  A.  To 
obtain  the  size  of  a  perspective  foot  at  this  distance,  draw  a 
horizontal  line  from  d  through  the  perspective  scale,  as  ef 
Measure  the  length  of  A  with  this  foot. 

We  have  now  to  find  a  distance  of  6'  from  P.P.  for  the  lower 
end  of  B.  Produce  ef  to  the  right,  and  set  off  eg  equal  to  four 
times  ef  Draw  g  to  P.D.  to  meet  the  receding  line  from  a 
in  h.  Draw  a  horizontal  line  through  h,  and  set  off  3  feet  to 
the  left,  each  ecpial  to  lii.  This  is  the  lower  end  of  B.  Erect 
a  perpendicular  on  this  point,  six  times  hi  in  length,  to  complete 
the  line  B. 

Set  off  6'  to  the  left  of  a,  each  equal  to  (d:i,  to  find  j\ 
draw  a  line  from  j  to  C.V.     Set  o^jk  =  3',  and  draw  k  to  P.D. 
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to  meet  the  line  from  j  to  C.V.  in  /.  Draw  u  horizontal  line 
from  /  to  obtain  the  perspective  foot  op.  Set  off  In  equal  to 
five  times  op,  and  draw  n  to  P.D.  to  meet  jl  produced  in  rp 
Then  Iq  is  the  line  C. 


Problei^i  8 

Draw  in  ^perspective  the  three  fulloiriag  rectangular  planes,  each 

to  he  3'  X  2'. 
A   to  he  2)erpendicnlar  to  both  the  P.P.  aiid  G.P.,  n-ith  one  of 

its  longer  edges  resting  on  the  G.P.,  and   its  nearest  edge 

1'  from  P.P.  a)ul  3'  to  spectator's  right. 
B  to  lie  on  the  G.P.,  ivit/i  its  lomjer  edges  'paralhi  to  P.P.,  and 

its  nearest  corner  2'  from  P.P.  and  1'  to  spectators  left. 
C  to  he  'pcii'ci-lld  to  P.P.,  with  one  of  its  longer  edges  resting  on 

the  G.P.,  and  its  right-hand  edge  5'  from   I'.P.  and  2'  to 

spectator  s  left. 
Distance  of  P.P.  =  8'.     Height  of  ege  =  4'.    Scale  i"  =  1'.    Pig.  50. 

Determine  the  G.L.,  H.L.,  C.V.,  IM).,  and  perspective  scale 
as  in  Prob.  5. 

Find  the  receding  foot  ac,  and  draw  ee  equal  to  three  times  cd. 


GL, 

FiK.  50 


Draw  e  to  C.^'.  Erect  a  perpendicular  eli  =  twice  «/,  and  draw 
h  to  C.Y.  Draw  e  to  P.D.  to  meet  the  receding  line  from  a  in 
/.     Draw  a  horizontal  line   from  /  to  meet  the   receding  line 
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from  r  in  [/.  Draw  a  perpendicular  on  g  to  meet  the  receding 
line  from  li  in  i. 

Then  licgi  is  the  plane  A. 

Find  the  point  Ic,  2'  from  P.P.,  and  draw  a  horizontal  line 
through  it.  Set  o^hi  =  kq,  and  draw  n  to  C.V.  Draw  no  =  three 
times  Jcq,  and  draw  o  to  C.V.  Draw  tq  to  P.D.  to  find  /,  and 
draw  the  horizontal  line  Ip. 

Then  7io])l  is  the  plane  B. 

Find  the  point  r,  5'  from  P.P.,  and  draw  a  horizontal  line 
through  it.  Set  off  rt  =  twice  rs,  and  tic  =  three  times  ts.  Erect 
perpendiculars  at  t  and  u,  each  =  twice  rs,  and  join  their  tops. 

Then  tuviv  is  the  plane  C. 

Problem  9 

Drair  a  rectangular  solid  of  dimensions  3',  2',  and  1'  resj)ectively 
in  imrallel  perspective,  tvith  its  longest  edges  receding,  and 
its  shortest  edges  j^^^pcndicular  to  the  G.P. ;  its  nearest 
vertical  edge  to  he  V from  P.P.  and  2'  to  spectators  right. 

Distance  of  P.P.  =  8'.    Height  of  eye  =  4'.    Sccde  \"  =  1'.    Fig.  51. 

Determine  the  G.L.,  H.L.,  C.V.,  P.D.,  and  perspective  scale, 
as  in  Prob.  5. 


c 

V. 

ML. 

■^0,P.                                                                  PD 

/ 

''^'-' 

di  ■      c 

9 

71                      ( 

Fig.  51 


Draw  a  line  from  h  tu  P.D.  to  meet  in  c  the  line  joining 
a  with   C.V.     Draw   a  horizontal  line    through  c,  and   set  off 
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ce  =  twice  cd.  Draw  cf  =  twice  cd,  and  the  perpendiculars  on  e 
and  /  each  =  cd.  Join  the  tops  of  these  lines  to  complete  the 
front  of  the  solid.  Draw  the  receding  lines  to  C.V,  As  these 
receding  lines  are  to  be  3'  long,  set  off  three  perspective  feet,  each 
=  cd,  from  e,  as  cd ;  and  draw  d  to  P.D.  to  meet  in  h  the 
receding  line  from  c.  Draw  the  perpendicular  hi,  and  the 
horizontal  line  ik,  to  complete  the  solid. 


Half-Distance  Points 

When  we  are  drawing  objects  to  a  large  scale  it  sometimes 
happens  that  we  have  not  sufficient  room  on  our  paper  to 
measure  off  the  P.D.  When  this  is  the  case  we  can  take  half 
the  required  distance  and  call  it  the  half-distance  point.  But 
we  must  be  careful,  in  measuring  the  receding  line,  to  set  off 
only  half  of  the  required  length,  e.ff.  in  Fig.  51  the  point  marked 
h  D.P.  is  halfway  between  C.V.  and  P.D.,  and  if  we  set  off 
en  =  half  of  cd,  and  draw  it  to  the  i  D.P.,  it  will  meet  the 
receding  line  from  e  in  the  same  point  (Ji)  as  the  line  drawn 
from  d  to  P.D. 

As  we  are  restricted  by  the  size  of  the  page  in  this  book, 
it  will  be  an  advantage  in  most  of  the  problems  to  use  this  point 
in  preference  to  the  P.D. 

Problem  10 

Drair    the  followinrj   solids,  in    the  p)Ositions   shoicn,  hy  'parallel 

perspective,  using  a  h  D.P. 
A  to  he  5'  X  5'  X  1' ;  B  to  he  3'  x  3'  X  1' ;    and  C  and  D  cubes 

of  2'  cdye.     The  nearest  vertical  edge  of  A  tn  be  1'  from 

P.P.  and  2'  to  spectators  left. 
Distance    of    PP.  =  10'.       Height    of    cyr^b'.       Sccde     V=V. 

Fig.  52. 

Determine  the  G.L.,  H.L.,  C.V.,  and  perspective  scale,  as  in 
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Prob.  5.  As  the  distance  of  P.P.  is  10',  take  half  this  distance 
from  C.V.  along  H.L.  for  the  |  D.P. 

As  ah  =  1',  a  line  drawn  from  h  to  h  D.P.  will  give  two 
receding  feet  on  the  receding  line  from  a,  as  ac. 

Draw  a  horizontal  line  tlirongh  c  to  determine  the  persjoective 
foot  cd.     Set  off  ce  =  2,  and  ef=  5  perspective  feet.     Make  eg  —  1 


perspective  foot,  and  complete  the  front  of  A.  Draw  the  receding 
lines  to  C.V. 

To  measure  5'  on  the  receding  line  from  q,  set  off  gi  =  2h 
times  cd,  and  draw  /  to  |  D.P.,  then  gk  =  o.  Complete  A  and 
draw  the  diagonal  Jtk.  As  B  is  2'  smaller  than  A,  there  will  be 
a  margin  of  one  foot  round  B. 

Set  off  hn  and  go,  each  equal  to  cd,  and  draw  lines  from  n 
and  0  to  C.Y.  to  meet  the  diagonal  Jik  in  2^  and  q.  Draw  the 
horizontal  line  j^m- 

To  determine  the  height  of  B,  draw  a  perpendicular  vfi  =  ni\ 
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and  ch'aw  s  to  C.V.  to  meet  a  perpendicular  on  j;  in  t.     Complete 
B  and  draw  a  diagonal  as  before. 

As  the  Mddtli  of  B  is  one  foot  more  than  C,  there  will  be  a 
margin  of  half  a  foot  round  C.  Set  off  tu  and  viv,  each  equal 
to  half  of  2^t,  and  draw  u  and  r  to  C.Y.  to  meet  the  diagonal. 
This  will  determine  the  width  of  the  cubes,  having  obtained 
which  we  can  determine  their  heights  and  complete  them. 

We  will  now  take  an  illustration  in  angular  perspective  [25]. 

The  line  E  (Fig.  47)  is  such  a  line  as  constantly  occurs  in 
angular  perspective.  We  will  first  draw  such  a  line  from  given 
data,  as  well  as  a  plane  containing  lines  of  a  similar  character  ; 
after  which  we  will  proceed  with  rectangular  solids  at  given 
angles  with  the  P.P. 

Problem  11 

1.  Drav:  a  line  A  '6'  long,  lying  on  the  G.P.,  and  receding  to  the 

left  at  an  angle  of  50" ;  its  nearer  end  to  he  '3' from  P.P. 
and  4'  to  spectator  s  rigid. 

2.  Also   a  vertical   'plane    B,   4'  x  4',  tritli    one  edge   resting   on 

the  G.P.,  receding  to  the   right  at  an  angle  of  40°  with 
the    P.P. ;    its  nearest  edge  to  he  5'  from  P.P.   and  3'  to 
spectator's  left. 
Distance  of  P.P.  =  TV   Height  of  ege  =  .">'.     Scale  \"  =  1 '.     Fig.  53. 

1.  Determine  the  G.L.,  H.L.,  C.V.,  PI).,  and  perspective 
scale,  as  in  Prob.  5. 

Draw  a  perpendicular  from  C.Y.,  and  make  it  V  long.  This 
will  determine  the  station  point  S  (Fig.  27). 

Draw  D.L.  perpendicular  to  this  line  for  the  directing  line 
[31],  and  set  oft"  an  angle  of  50^  at  S  with  this  line,  and  produce 
it  to  meet  H.L.  in  Y.P.  This  is  the  vanishing  point  for  the 
line  A. 

With  \ ^.  as  centre,  and  its  distance  from  S  as  radius, 
draw  an  arc  to  meet  the  H.L.  in  M.P.  This  is  the  measuring 
point  for  the  line  A  [28]. 
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Set  off  ac  =  3',  and  draw  c  to  P.D.  to  meet  the  line  from  a 
to  C.V.  in  d.  Draw  a  horizontal  line  through  d,  and  set  off 
df—4:  perspective  feet  {i.e.  four  times  ed).  Draw  /  to  \.V. 
Set  off  ^  =  3  perspective  feet,  and  draw  g  to  M.P.,  cutting  the 
receding  line  from /in  h.     Then /A  is  the  line  A. 

2.  Set  off  an  angle  of  40°  with  D.L.  on  the  right  of  S,  and 
produce  the  line  to  meet  H.L.  in  Y.P.'.     AVith  this  point  as 


Fig.  03 

centre,  and  its  distance  from  S  as  radius,  draw  an  arc  to  meet 
H.L.  in  M.P.' 

Set  off  dA  =  2  perspective  feet  {cd),  and  draw  i  to  P.D.  to 
meet  the  line  from  a  to  C.V.  in  /.-.  Draw  a  horizontal  line 
through  /.',  and  set  off  lo  —  3  perspective  feet  (?t/.'),  and  set  up 
four  of  the  same  feet  on  the  perpendicular  o?'.  Draw  o  and  r  to 
Y.P.'.  Set  off  0})  =  4  perspective  feet,  and  draw  /^  to  ]\I.P.', 
cutting  the  receding  line  from  o  in  q.  Draw  a  i:)erpendicular 
on  this  point  to  meet  the  receding  line  from  r  in  s.  Then  orsq 
is  the  plane  P>. 


Problem  12 

Draw  a  rectangular  solid  of  dimensions  3',  2',  and  1',  respectively, 
in  angular  perspective  ;  its  longest  edges  receding  to  tJie  right 
at  an  angle  of  30",  and  its  shortest  edges  perpendicular  to 
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tlic  G.P.     Its  nearest  edge  to  he  2'  from  V.V.,  and  1'  ti)  the 
spectator's  right. 
Distanee  of  P.P.  =  6'.    Height  of  eye  =  4'.    Scale  -|"  —  1'.    Fig.  54 

Note. — As  we  shall  refer  back  to  this  jjroblem  in  future 
problems  in  angular  perspective,  it  will  be  advisable  to  describe 
its  construction  from  the  commencement. 

Draw  G.L.  to  represent  the  level  of  ground  plane.  Set  up 
4'  above  it  for  height  of  spectator's  eye,  and  draw  H.L.  parallel 


V^ Mf CSL KL 


Fig.  54 


to  G.L.  for  the  horizon  line.  Assume  C.Y.  to  be  a  point  opposite 
the  spectator's  eye  (the  centre  of  vision),  and  set  off  from  it, 
along  H.L.,  6',  the  distance  of  P.P.,  for  P.D. 

Draw  a  perpendicular  from  C.V.  to  meet  G.L.  in  a.  Set  off 
al)  —  1  foot,  and  draw  h  to  C.V.  This  forms  the  perspective 
scale. 

Produce  the  perpendicular  through  a,  and  make  its  length 
from  C.V.  =  distance  of  P.P.  (6')  ;  this  gives  the  station  point  S. 
Draw  D.L.  a  horizontal  line  through  S,  for  the  directing  line  [31]. 

As  the  edges  of  the  solid  receding  to  the  right  are  at  an 
antjle  of  30°  with  P.P.,  those  receding  to  the  left  must  be  at 
an  angle  of  60°  with  it. 

Set  off  these  angles  at  S,  with  D.L.,  and  produce  the  lines  to 
meet  H.L.  in  the  points  V.P.  and  V.P.'.     With  these  points  as 
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centres,  aud  their  distances  from  S  as  radii,  draw  arcs  to  meet 
H.L.  in  the  points  M.P.  and  M.T.'. 

Set  off  or  =  2',  aud  draw  a  line  from  c  to  P.D.,  cutting  the 
line  from  a  to  CX.  in  J.  Draw  a  horizontal  line  through  d, 
and  set  off  df=  de,  the  perspective  foot  at  this  distance.  Draw 
a  perpendicular //t  =  ^/c.  Draw  lines  from/ and  n  to  V.P.  and 
Y.P.'.  Set  oft'/<7  =  3  perspective  feet,  and  draw  a  line  from// 
to  jVl.P.',  cutting  the  receding  line  from/  in  h.  Draw  a  vertical 
line  at  this  point,  meeting  the  receding  line  from  n  in  o.  Pind 
the  left-hand  side  of  the  solid  in  a  similar  manner  and  determine 
the  points  i  and  h.  Draw  lines  from  h  to  V.P.',  and  from  o  to 
Y.P.,  meeting  in  /.     This  completes  the  solid  required. 

Half-Statiox  Point 

We  have  already  shown  the  advantage  of  working  with  a 
half- distance  point  in  Prob.  9;  we  will  now  carry  it  a  step 
farther,  and  determine  the  V.P.'s  and  ]M.P.'s  by  means  of  a 
station  point  at  half  of  the  specified  distance  of  the  spectator 
from  the  P.P.,  wliich  is  called  a  lialf- station  iwint. 

Peoblem  13 

Draw  the  model  shown  in  Fig.  55,  huilt  iq)  of  cubes  of  V  edge  and 

hcdf  cubes,  using  a  half-station  jjoint. 
The  front  of  the  model  is  to  form  an  angle  of  40"  vAth  the  P.P. 

on  the  right ;   its  nearest  corner  is  to  be  2'  from  the  P.P.  and 

1'  to  the  spectator  s  left. 
Distance  of  P.P.  =  6'.    Hcigld  of  eye  —  3'.    Scale  V  =  1'.    Fig.  o5. 

Find  the  G.L.,  H.L.,  C.Y.,  and  perspective  scale  (Prob.  12). 

As  the  distance  of  P.P.  =  6',  set  up  a  perpendicular  at  C.Y. 
3'  long,  which  gives  the  point  s,  the  half-station  point.  Draw 
dl  (the  directing  line)  perpendicular  to  this  line  through  s. 

As  the  front  of  the  model  forms  an  angle  of  40"*  with  the 
P.P.  on  the  right,  one  side  of  it  must  form  an  angle  of  50    with 
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it  on  the  left.  Set  off  these  angles  with  dl  at  s  by  lines  meeting 
the  H.L.  iu  the  points  v. p.  and  v.p.' :  these  are  half-vanishing 
points.  To  determine  the  true  vanishing  points,  double  the 
distances  of  these  points  on  H.L.  from  C.V.  The  true  vanishing 
points  fall  beyond  the  limits  of  the  drawing. 

With  v.p.  and  v.p.'  as  centres,  and  their  distances  from  ,s  as 

d         g  5  I 


lap 


Xh  V.P  ^     - 
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radii,  describe  arcs  meeting  the  H.L.  in  the  points  m.p.  and  m.2).'. 

Double  the  distances  of  these  points  from  C.Y.  on  the  H.L.,  and 

obtain  ]\LP.  and  M.P.'.     These  are  the  true  measuring  points 

/         This  method  of  obtaining  tlie  working  points  is  very  con- 

\  venient,  especially  when  the  space  at  our  disposal  is  lim 

/  In  very  large  drawings  we  could  take  s  at  one-quarter  of  the 

\  spectator's  distance  from  the  P.P.,  or  any  other  fraction  of  it  to 

\suit  our  convenience,  and  determine  the  true  points  afterwards 

\g^  indicated  above. 

With  C.V.  as  centre,  and  its  distance  from  s  as  radiu.';,  draw 

F 


con-  1 
ited.  ( 
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an  arc  to  meet  the  H.L.  in  i  D.P.  This  is  tlie  half-distance 
point  (Prob.  9). 

Draw  a  line  from  h  to  h  D.P.,  meeting  the  line  from  a  to 
C.V.  in  c.  Draw  a  horizontal  line  throngh  c,  and  set  off  cc  =  cd. 
Also  draw  a  vertical  line  cf—cd,  and  draw  lines  from  c  and /to 
the  true  vanishing  points. 

Two  methods  are  here  explained  for  measuring  the  receding 
edsres  of  the  cubes,  either  of  which  can  be  used.  AVe  will 
measure  those  on  the  right  by  one  method,  and  those  on  the 
left  by  another. 

(1)  To  measure  those  receding  to  the  right,  mark  off  the 
points  y, //,  and  li,  a  perspective  foot  {cd)  apart,  and  draw  lines 
from  them  to  M.P.'  to  meet  the  receding  line  from  e,  and  then 
draw  vertical  lines  to  meet  the  receding  line  from  /. 

(2)  The  receding  widths  of  the  cubes  on  the  left  we  will 
measure  as  follows  : — Set  off  *  /  =  cd,  and  draw  a  line  from  i  to 
the  true  V.P.  Join  /  with  M.P.,  meeting  the  receding  line  from 
c  in  k.  Draw  a  horizontal  line  from  h  to  meet  the  line  from  i  to 
V.P.  in  n.  Then  join  n  to  ^l.W,  and  proceed  in  the  same  manner 
as  before,  till  five  receding  feet  are  measured  on  the  bottom  of 
the  model.  Draw  vertical  lines  at  these  points  for  the  sides  of 
the  cubes  on  the  left,  and  complete  the  model  as  shown. 

Proble:^!  14 

1.  I) ran-  a  sfiuarc  5'  X  5'  indined  to  the  G.P.  cd  an  angle  0/45" 

on  the  left,  u-iih  one  of  its  edges  resting  on  the  G.P.,  and  at 
rigid  angles  to  the  picture  plane;  the  nearest  j^oint  of  this 
edge  to  he  2'  from  P.P.  and  1'  to  spectator's  left. 

2.  Driiv    a    line    5'    long,    per'pendicidar    to    this   jf^^z/u",    and 

imssing  through  its  centre ;  its  lower  end  to  touch  tltc  G.P. 
Distance    of    P.P.  =  12'.       Height    of   ci/e  =  4:'.      Sccde    J"  =  1'. 
Fig.  50. 

1.  Find  the   G.L.,  H.L.,  C.Y.,  and  perspective  scale,  as  in 
Prob.  5,  also  the  h  D.P.,  as  in  l^-ob.  9. 
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Find  r/,  the  nearest  end  of  the  edge  de  (Prob.  10),  and  join 
it  to  C.V.  Draw  r//=  2-^  times  cj,  and  join  /  to  tlie  ^  D.P., 
meeting  the  receding  line  from  d  in  e.     Then  de  =  5'. 

Draw  dg  at  an  angle  of  45"  with  the  O.P.  on  the  left,  and  five 


Pig.  r.6 

times  rj  in  length.     Join  //  to  C.V.    Draw  cA  parallel  to  dg.    Then 
dglic  is  the  square  required. 

2.  Draw  diagonals  to  the  square,  intersecting  in  i.  Draw  ik 
parallel  to  dg,  and  draw  a  horizontal  line  through  k.  Draw  a 
line  through  i,  perpendicular  to  ik,  to  meet  this  line  in  /. 
]\Iake  Ip  hve  times  vu  in  length.     This  is  the  line  required. 


EXEECISES 

Practice 

The  scale  to  be  used  in  working  all  these  problems  is  half  an 
inch  to  one  foot. 

The  eye  is  to  be,  in  each  case,  11'  distant  from  the  P.P.,  and 
5'  above  the  G.P. 

1.  Represent  in  perspective  a  point,  A,  on  the  G.P.,  10'  to 
the  left  of  the  centre,  and  100'  within  the  picture;  and  a  second 
point,  B,  -I'l'  above  the  G.P.,  35'  to  the  right  of  the  centre,  and 
80'  within  the  picture. 

Note. — "  To  the  left  or  rigiit  of  the  centre  "  means  to  the  left 
or  right  of  the  centre  of  vision,  and  would  be  measured  in  the 
same  manner  as  if  described  as  being  to  the  spectator's  left  or  right. 

2.  Draw  a  line  7'  long,  lying  on  the  G.P.,  at  right  angles  to 
the  P.P.  ;  its  nearer  end  being  4'  to  spectator's  left  and  2'  from 
the  P.P. 
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3.  Draw  a  line  5'  long,  parallel  to  both  the  P.P.  and  the  G.P.  ; 
its  right-hand  end  to  be  2'  to  spectator's  left,  -4'  from  P.P.,  and  3' 
above  the  G.P. 

4.  Draw  a  line  3'  long,  parallel  to  the  P.P.,  and  inclined  to  the 
G.P.  at  an  angle  of  30'  ;  its  left-hand  end  to  rest  on  the  G.P.,  2' 
from  P.P.  and  4'  to  spectator's  left. 

5.  Draw  a  line  6'  long.  It  lies  upon  the  G.P.  It  inclines  to 
the  right  at  an  angle  of  50°  with  the  P.P.  Its  nearer  extremity 
is  3'  from  P.P.  and  4'  to  spectator's  left. 

6.  A  rectangle  is  4'  x  3'.  Draw  it  in  perspective  with  one  of 
its  longer  edges  resting  on  the  G.P.,  at  right  angles  to  the  P.P., 
and  with  its  shorter  edges  vertical.  Its  nearest  edge  is  to  be  3' 
from  P.P.,  and  5'  to  spectator's  left. 

7.  Draw  a  rectangle  5'  x  3',  lying  on  the  G.P.,  with  its  longer 
edges  inclined  to  the  left  at  an  angle  of  35°  with  the  P.P.,  and  its 
nearest  angle  3'  to  spectator's  right  and  4'  from  the  picture. 

8.  The  dimensions  of  a  rectangular  solid  are  5',  3',  and  2'. 
Draw  it  in  perspective,  resting  on  the  G.P.,  with  its  longest  edges 
vertical ;  its  shortest  edges  inclined  to  the  right  at  an  angle  of  50° 
with  the  P.P.,  and  its  nearest  edge  symmetrically  opposite  to  the 
spectator  and  touching  the  P.P. 

9.  Draw  the  solid  of  the  preceding  question  resting  on  the 
G.P.  on  one  of  its  longest  edges,  which  is  at  right  angles  to  the 
P.P.  ;  its  shortest  edges  are  to  be  inclined  to  the  G.P.  at  an  angle 
of  30°  on  the  left,  and  the  nearer  extremity  of  the  edge  that  rests 
on  the  G.P.  is  to  be  3'  from  the  P.P.,  and  5'  to  the  spectator's 
left. 

10.  A  rectangular  stone  slab,  8'  long,  6'  wide,  and  1'  thick,  lies 
with  one  of  its  largest  faces  on  the  ground.  The  longest  edges 
are  inclined  to  the  P.P.  at  an  angle  of  60°  towards  the  right, 
and  the  nearest  vertical  edge  is  1'  to  the  left  of  the  spectator, 
and  2'  from  the  P.P.  Through  the  centre  of  the  slab  is  cut  a 
square  hole  3'  x  3',  the  sides  of  which  are  parallel  to  the  vertical 
faces  of  the  slab.      Represent  the  slab  in  perspective. 

Theory 

1.  What  is  a  perspective  scale  1  Explain  the  advantages  to  be 
derived  from  its  use  (Prob.  5). 

2.  "What  are  half-distance  points  1     Explain  their  use  (Prob.  9). 

3.  AVhat  is  a  perspective  foot  1  If  a  line  a  foot  long  is  placed 
in  perspective  parallel  to  the  picture  plane,  and  at  the  same  distance 
from  it  as  the  spectator,  what  proportion  does  it  bear  to  a  scale- 
foot  (Prob.  5)  ? 

4.  Explain  the  use  of  a  half-station  point  (Prob.  13). 


CHAPTEE   IV 

triaxgles,  polygons,  pkisms,  and  pyramids 

Problem  15 

Dravj  an  equilateral  triangle  of  5|'  side,  lying  on  the  Ct.P.,  irith 
one  of  its  sides  inclined  to  the  right  at  an  angle  of  50°  vnth 
the  picture  plane,  and  its  nearest  angle  2'  from  the  P.P. 
and  3'  to  spectators  right. 

Distance  of  V.V.  =  ^'.    Height  of  eye  =  ^ .    Scale  I"  =  1'.    Fig.  57. 

Find  the  G.L.,  TT.L,  C.V.,  P.D.,  I).L.,  .station  point,  and  per- 
spective scale,  as  in  Prob.  12. 


MP  VP 


Fig.  al 


If  one  side  of  the  triangle  inclines  to  the  rioht  at  an  angle 
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of  50'',  the  angles  of  an  equilateral  triangle  being  60',  another 
side  must  incline  to  the  left  at  an  angle  of  70°  with  the  P.P., 
for  the  sum  of  the  three  angles  must  be  180°. 

Set  off  these  angles  at  S,  with  D.L.,  and  find  \.l\  and  Y.P.'; 
also  M.P.  and  M.P.'  (Prob.  12). 

Find  e,  the  nearest  angle  of  the  triangle  (Prob.  12). 

Join  e  to  V.P.  and  V.P.'.  Draw  a  horizontal  line  through  e, 
and  set  off  ei  and  eg,  each  equal  to  five  and  a  half  times  jd — 
the  size  of  a  perspective  foot  at  this  distance — and  draw  a  line 
from  i  to  M.P.  to  meet  the  receding  line  from  e  to  V.P.  in  h. 
Find  the  point/  in  a  similar  manner,  and  join  hf. 

Then  (7//is  tlie  triangle  required. 

PROBLE>r    16 

1.  Draw  an  equilateral  triangle  of  6'  edge,  j^c'i^&ndici/lar  both  to 

the  P.P.  and  the  G.P.,  vAth  one  of  its  edges  resting  on  the 
G.P.,  and  the  nearer  end  of  this  edge  4!  from  the  P.P.  and 
4'  to  spectcttor's  right. 

2.  Draiv  the  same  triangle  inclined  to  the  G.P.  at  an  angle  of  45°' 

on  the  left,  ivith  one  of  its  edges  resting  on  the  G.V.  perjjen- 
dicidar  to  the  P.P.,  and  the  nearer  end  of  this  edge  '2'  from 
the  P.P.  and  ?>'  to  the  spectator  s  left. 
Distance    of   P.P.  =  14'.       Height    of    eye>.=  4'.       Scale    \'  =  1'. 
Fig.  58. 

1.  Find  the  G.L.,  H.L.,  C.V.,  and  perspective  scale,  as  in 
Prob.  5,  and  the  \  D.P.,  as  in  Prob.  9. 

Find  the  point/ (Prob.  10),  and  draw  a  line  through  it  from 
C.V.  to  meet  G.L.  in  in  ;  also  draw  a  horizontal  line  from  it 
through  the  perspective  scale.  Draw  a  line  from /to  |  D.P.  to 
meet  the  receding  line  from  e  in  g.  As  ef—  3',  eg  must  equal  6'. 
Draw  a  horizontal  line  from  g  to  meet  the  receding  line  from 
/  in  h. 

To  find  the  centre  of  the  line  fh,  bisect  ef  in  j  and  draw  j  to 
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h  D.r.  to  meet  er/  in  i.     Draw  a  horizontal  line  from  i  to  meet 
fh  in  L 

In  any  convenient  position  draw  the  equilateral  triangle 
(ABC)  geometrically.  It  need  not  be  drawn  full  size.  In  this 
instance  it  is  drawn  half  size.     Draw  the  perpendicular  CD. 


Draw  a  vertical  line  m7i  at  m  twice  the  height  of  DC. 
Draw  n  to  C.V.  cutting  a  perpendicular  on  Z;  in  /.  Join  Ih  and 
//.     Then  fill  is  the  triangle  required, 

2.  Find  the  edge  or,  and  bisect  it  perspectively  in  c;  by  the 
method  just  described. 

Draw  uv  at  an  angle  of  45^  with  G.L.  and  equal  in  length  to 
twice  CD  ;  also  draw  a  line  from  s  parallel  to  it.  Join  r  to  C.V., 
meeting  this  line  in  f.  Join  fo  and  tr.  Then  orf  is  the  triansrle 
required. 

PROBLEir    17 

Draw  an  equilateral  triangular  ijrism  9'  long,  and  with  each  face 
4'  vjide,  lying  with  one  of  its  faces  on  the  G.P.,  and  its  longer 
edges  inclining  to  the  left  at  an  angle  of  40^  with  the  picture 
plane ;  its  nearest  corner  is  to  he  Z'  from  the  P.P.  and  3'  to 
the  spectator  s  rigid. 

Distance  of  P.P.  =  11'.  Height  of  eye  =  o.  Scale  ^"  =  1'. 
Pig.  59. 

Find  all  the  necessary  working  points  and  lines,  as  well  as 
the  nearest  corner  (f)  of  the  object,  as  in  Prob.  12. 


72 


COMPLETE  TERSPECTIVE  COURSE 


CHAP, 


Draw  c  to  each  V.P.  Draw  a  horizontal  line  through  e  and 
set  off  ef=  9  times  co.  Draw/  to  M.P.  to  meet  the  receding  line 
from  c  \\\  g. 

From  M.P/  draw  a  line  through  e  to  meet  the  G.L.  in  A. 
On   the  right   of  tliis  point  construct   an   equilateral   triangle 


I 


Fig.  59 

ABC  with  sides  4'  long.  Draw  the  perpendicular  CD,  and  join 
A,  D,  and  B,  with  M.P.',  by  lines  meeting  the  right-hand  receding 
line  from  e  in  i  and  li. 

Draw  a  line  from  C  also  to  ]\1.P.',  meeting  a  vertical  line  on 
i  in  7t'.     Join  he  and  Jili. 

Draw  a  line  from  (j  to  Y.P/  to  meet  a  line  drawn  from  i 
to  V.P.  in  /.  Draw  li  to  V.P,  to  meet  a  perpendicular  on  /  in  n. 
Join  wj.     This  completes  the  prism. 


Problem  18 

Draio  the  regular  pentagon  ABCDE  of  5'  side  in  2^crs2)ective 
without  usiTig  V.P.'s.  The  pentagon  is  to  lie  on  the  G.P. 
with  the  side  AB  inclined  to  the  right  at  an  angle  of  25° 
unth  the  picture  plane.  The  awjle  at  A  is  to  ie  2'  from  the 
P.P.  and  2'  to  the  sjycctators  left. 
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Height    of    eye  =  8'.       Scale 


Distance    of   P.P.  =  16'. 
Fiji.  60. 


Draw  AF  at  an  angle  of  25'  with  AB,  2'  long 
perpendicular  to  AF,  and  set  off 
2'  from  F,  and  draw  H.L.  tliiough 
the  point,  perpendicular  to  FS. 
Set  off  from  H.L.  on  FS,  16',  to 
determine  the  j)oint  S.  Draw  G.L. 
parallel  to  H.L.  and  8'  below  it. 

Assume  H.L.  to  be  the  posi- 
tion, in  plan,  of  the  P.P.,  and  draw 
visual  rays  from  each  corner  of  the 
pentagon  to  S,  meeting  the  H.L.  in 
the  points  e,  cl,  a,  c,  h.  Diaw  per- 
pendiculars from  the  points  of  the 
pentagon  to  meet  the  G.L.  in  the 
points  E',  D',  A',  C,  B'.  To  avoid 
confusion  only  one  line  is  drawn 
(EE"E').  Draw  lines  from  these 
points  to  C.Y.,  e.y.  Yle  is  the  per- 
spective of  the  line  E"E.  These 
lines  meet  the  corresponding  per- 
pendiculars from  the  points  e,  d, 
a,  c,  J),  in  the  points  e,  a',  b',  c\  d'. 


r=i' 


Draw  FS 


Fig.  60 

Join  these  points,  as  shown. 


Problem  19 

Draw  a  regular  hcoxigon  of  3'  side,  lying  on  the  G.P.,  with  one  of 
its  sides  parcdlel  to  the  P.P.,  and  its  nearest  right-hand 
corner  "6'  from  the  P.P.  and  1'  to  the  spectator  s  right. 

Distance  of  P.P.  =  8'.  Height  of  eye  =  4'.  Scale  ^^"  =  1', 
Fi"  61. 


Find  all  the  necessary  working  lines  and  points  (Prob.  12), 
and  the  nearest  right-hand  corner  (e)  (Prob.  10). 


74 


COMPLETE  PERSPECTIVE  COURSE 


In  this  problem  it  will  be  seen  that  each  Y.P.  is  the  ]\I.P. 
for  the  other. 

Draw  a  horizontal  line  tln'ough  c,  and  make  (7  =  3  times  ce. 


V? UM.P    iop  H.L. 


Fig.  61 

Draw  e  to  Y.P.',  and  j  to  V.P.  Make  el-  and  j7  each  equal  toj'e 
and  join  them  to  the  opposite  ]\f.P.'s  to  meet  the  receding  lines 
drawn  from  e  and  J  in  /  and  i.  Draw  lines  from  /  and  i  to  the 
opposite  V.P.'s  to  meet  lines  drawn  from  e  and  J,  to  C.V.,  in  the 
points  g  and  h.     Join  Ju/  to  complete  the  polygon. 


Problem  20 

Draw  a  hexagonal  ^jr?'s??i  3i'  long,  u-ith  sides  2'  icicle,  resting  on 
one  of  its  shorter  edges,  and  inclined  to  the  G.P.  at  an  angle 
of  60°  on  the  right ;  the  edge  iqjon  which  it  rests  is  to  he 
perjjendictdar  to  the  P.P.,  and  its  nearer  end  4'  from  the 
P.P.  a7id  6'  to  the  spectators  left: 

Distance    of   P.P.  =  19'.       Height    of    eye  =  6'.       Scale 
Fi^.  62. 


i"  =  r. 


Find  the  necessary  working  points  and  lines,  as  in  Prob.  5  ; 
the  1  D.P.,  and  the  point  c  (Prob.  10). 

In  any  convenient  position  on  the  G.L.  draw  the  hexao'on 
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ABCDEF  with  2'  sides  ;  and  draw  perpendiculars  from  tlie 
several  points  to  meet  the  G.L.  in  the  points  F',  A,  B,  and  C. 
Assume  any  point  v  on  tlie  H.L.  and  join  these  jioints  to  it, 
meeting  a  horizontal  line  tlirough  c  in  the  points  Jc,  I,  n,  o. 

Draw  a  horizontal  line  from  the  angle  C  of  the  hexagon  to 
meet  the  perpendicular  BD  in  G. 

Draw  a  line  from  C.V.  through  c,  meeting  the  G.L.  in  //. 
Draw  hj  at  an  angle  of  30°  with  the  G.L.,  and  set  off  upon  it  the 
distances  hi  and  ij,  equal  to  BG  and  GD. 

Draw  a  line  at  c  at  an  angle  of  60^  with  ch,  and  equal  in 


length  to  three  and  a  half  times  M.  This  gives  point  s.  Set 
off  ce  equal  to  half  of  U,  and  draw  a  line  from  |  D.P.  through 
e  to  meet  the  receding  line  from  li  in  p.  Also  set  off  cf  and 
fg,  equal  to  half  of  hi,  and  no,  and  draw  lines  from  /  and  g  to 
I  D.P.  to  meet  the  same  line.  Draw  lines  from  these  points 
parallel  to  cs  to  meet  a  line  drawn  from  C.V.  through  s.  Also 
draw  lines  from  the  same  points  parallel  to  hj  to  meet  lines  drawn 
from  i  and/  to  C.V.     Complete  the  prism,  as  shown. 


Problem  21 


iJraw  a  heccagonal  i^^^ism  6'  long,  iviih  side^  2' v:ide,  lying  on  the 
G.P.,  vnth  its  longer  edges  recedAng  to  the  right  at  an  angle 
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of  55°  ivith  the  picture  jj^c/mc,  and  its  nearest  angle  un   the 
G.P.,  2'  from  P.P.  and  2'  to  spectators  left. 
Distance    of    P.P.  =  10'.       Height    of   eije^Q'.       Scale     ,\"  =  1'. 
Pig.  G3. 

Find  all  the  necessary  working  lines  and  points,  as  well  as 
the  point  c  (Prob.  12). 

Draw  lines  from  c  to  each  V.P.  In  any  convenient  position 
on  the  G.L.  construct  the  hexagon  ABCDEF  with  2'  sides,  and 
draw  perpendiculars  from  the  corners  to  meet  the  G.L.  in  the 
points  H,  A,  B,  and  K.     Take  any  point  v'  on  H.L.,  and  to  it 


\ 


Fig.  63 


draw  lines  from  these  points,  meeting  a  horizontal  line  through 
c  in  the  points  h,  a,  b,  k. 

Set  off  ce  equal  to  bk,  and  draw  a  line  from  M.P.  through  e 
to  meet  the  line  drawn  from  Y.P.  through  e  in  p.  Set  off'  pi 
equal  to  six  times  is,  and  draw  a  line  from  I  to  M.l\',  meeting  a 
line  drawn  from  ^:>  to  Y.P.'  in  n.  Produce  nj)  to  meet  the  G.L. 
in  0,  the  point  of  contact  [49].  Set  up  at  o  a  line  of  heights  [46], 
and  make  oqr  equal  to  HFG.  Draw  lines  from  q  and  /•  to  AM*.' 
to  meet  vertical  lines  at  |?  and  n  in  the  points  tv  and  uw.  Set 
off  from  c,  cd,  equal  to  ba,  and  dg  =  ah,  and  draw  lines  from  d  and 
g  to  ]\I.P.,  meeting  the  receding  line  from  j)  to  Y.P.  Draw  vertical 
lines  at  these  meeting  points  to  meet  lines  drawn  from  t  and  v 
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to  V.P.     Join  the  points   as   shown,  and  proceed  in  a  similar 
manner  ^A•itll  the  opposite  end,  to  complete  the  prism. 


Problem  22 


1.  Draw  an  octagonal  prism  6'  long,  xoith  sides  15"  ivide,  lying 

■icith  one  of  its  faces  on  the  G.P.,  and  its  longer  edges  reced- 
ing to  the  left  at  an  angle  of  35°  ivith  the  picture  plane ;  its 
nearest  angle  on  t/ie  G.P.  being  2'  from  the  P.P.  and  3'  to 
the  spectators  right. 

2.  Draw   a   line,   indefinite   in    length,   at   right   angles    to    the 

nearer  tipjicr  edge  of  the  2^>'isni,  and  piassing  through  its 
middle  yoint.     Tlie  loirer  end  of  this  line  is  to  meet  the 
G.P.  4'  from  the  nearer  lowest  edge  of  the  prism. 
Distance    of    P.P.  =  12'.       Height    of    eye  =  o'.      Scale    J"  =  1'. 
Fig.  G4. 

1.  In  this  problem  we  will  take  the  station  point  at  one-third 
of  its  specified  distance  (Prob.  13). 


mp.       H'- cy. 


rp.         M.P 


Fis.  64 


Find  all  the  necessary  working  lines  and  points  (Prob.  12), 
and  the  point  c  of  the  figure  (Prob.  10). 

Draw  an  octagon  of  the  required  size  and  obtain  the  points 
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h,  a,  b,  k ;  also  the  points  j>,  r,  d,  (j,  as  by  the  methods  described 
ill  the  preceding  problem. 

Join  c  to  each  Y.P.  Set  off  ce  equal  to  six  times  fi,  and 
draw  e  towards  M.P.,  meeting  the  receding  line  from  c  in  j. 
Draw  lines  from  d  and  g  to  M.P.',  and  where  they  meet  the 
receding  line  from  c,  draw  vertical  lines,  as  well  as  on  the  points 
c  and  ^>. 

Mark  off  the  distances  ck,  kl,  In,  e([ual  to  the  distances  ha, 
ah,  l)k,  and  draw  lines  through  k,  I,  n,-  to  Y.P.',  meeting  the 
other  vertical  lines  on  the  right  of  the  prism.  Join  the  points, 
as  shown,  to  complete  the  octagon  in  perspective. 

Draw  lines  from  1:,  I,  n,  to  Y.P.,  meeting  the  vertical  line  at 
y  in  the  points  t,  r,  w.  Draw  lines  from  Y.P/  through  these 
points  to  meet  lines  drawn  from  the  right-hand  end  of  the 
prism  to  A".P.  in  the  points  ic  and  r.  Join  the  points,  as  shown, 
to  complete  the  prism. 

2.  Since /f  =  3', /joined  to  M.P.  will  give  the  middle  of  the 
line  (j  in  5  ;  and  a  vertical  line  at  q  will  give  tlie  centre  of  the 
corresponding  upper  edge  of  the  prism. 

Draw  the  horizontal  line  qm,  four  perspective  feet  in  length, 
and  draw  a  line  from  !M.P.',  through  m,  to  meet  in  0  a  line 
drawn  from  Y.P.'  through  q.  This  is  tlie  lower  end  of  the  line 
required.  Draw  the  line  from  u  through  the  centre  of  the  upper 
edge  of  the  prism  alread}'  found. 

PltOBLEM    23 

1.  Drair  (I  right  piiramid  6'  high,  icith  a  base  3'  .square,  standing 

oil  the  G.P.,  imth  its  .sides  receding  at  an  angle  of  45"  trith 
tlie  P.P. ;  its  nearest  angle  heing  '2'  from  tlie  P.P.  and  -i'  to 
the  spectator  s  right. 

2.  Drain    an    equcd  pyramid    lying    vith.    one    of    its   sides    on 

the  G.V.,  and  its  base  qjcrpendieidar  to  tlie  P.P. ;  its  nearest 
angle  on  the  G.P.  heing  o'  fnnii  the  P.P.  arul  5'  to  tlic^ifc- 
tators  left. 


1 
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Distance  from    P.P.  =  10'.      Hciglit  of  cye=o'.      Scale    }"=!'. 
Fig.  65. 

1.  Find  tlie  necessary  working  lines  and  points,  us  well  as 
the  point  e  (Prob.  5). 

As  each  edge  of  the  base  is  inclined  at  an  angle  of  45°  with 
the  P.P.,  the  P.D.  will  be  one  of  its  vanishing  points. 

Find  its  M.P.  (Prob.  12).     Draw  e  to  Y.P.     Set  off  ei  =  3 


FiR.  65 


times  Jti,  and  join  /  to  M.P.,  meeting  the  receding  line  from  e 
in  ff.  Draw  the  horizontal  line  gf  Join  e  to  C.V.,  cutting  this 
line  in  0.  Make  of  equal  to  (/o,  and  join  /  to  V.P.,  meeting  eo 
produced  in  k.  Join  gk:  Then  grfk  is  the  base  of  the  pyramid. 
Observe  that  we  have  been  able  to  draw  this  without  using  the 
second  Y.P.  ;  because  gf,  being  parallel  to  the  P.P.,  we  could 
determine  the  point /by  making  of=go. 

Draw  the  vertical  line  on,  six  perspective  feet  in  height, 
and  join  n  to  the  corners  of  the  base  to  complete  the  pyramid. 

2.  In  any  convenient  position  on  the  G.L.  construct  AP)C,  a 
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geometrical  elevation  of  the  pyramid.     Assume  any  point  r'  on 
the  H.L.,  and  draw  lines  to  it  from  the  points  ADBC. 

Find  the  point  j)  (Proh.  5),  and  join  it  to  C.V.  Draw  a  hori- 
zontal line  through  p-  Set  off  ^^r  =  3  perspective  feet,  and  bisect 
2?r  in  q.  Draw  lines  from  q  and  r  to  P.D.,  meeting  the  receding 
line  from  j)  in  s  and  u.  Draw  a  liorizontal  line  through  ,s  and 
determine  the  points  a,  d,  h,  and  c,  as  shown  in  the  figure. 
Make  sv  =  Ic.  With  v  and  s  as  centres,  and  radii  equal,  respect- 
ively, to  he  and  ha,  draw  arcs  cutting  each  other  in  t.  Draw  a 
line  from  C.V.  through  t  to  meet  lines  drawn  from  p  and  n, 
parallel  to  .9/,  in  m  and  'tr.  Join  2^,  ''H,  and  iv  to  v  to  complete  the 
pyramid. 

Proportional  Measuring  Points 

A  proportional  mcasvring  point  is  a  similar  device  in  angular 
perspective  to  the  lialf -distance  point  in  parallel  perspective 
(Prob.  10),  e.g.  to  find  a  lialf-mcasuriiuj  point,  bisect  the 
distance  between  A\P.  and  M.P.  This  gives  us  the  J  M.P.  To 
use  this  point  for  measuring  the  line  gc  (Fig.  65),  bisect  ci  in  / 
Join/  to  the  i  M.P.     This  also  gives  the  point  g. 

A  measuring  point  for  any  other  proportion  could  be  found 
in  a  similar  manner. 

Problem  24 

Let  Fig.  66  represent,  to  the  scale  of  |"  =  1',  the  front  and  side 
elevation  of  a  rcctangidar  solid  pierced  hy  a  hexagonal 
pyramid.  Drair  this  model  to  twice  this  scale  in  perspective, 
v:ifh  the  axis  of  tlic  pyramid  piarcdhi  to  the  P.l\,  and  the 
point  A  1'  %"  from  the  P.P.  and  7'  to  the  spectator's  right. 

Distance  of  B.P.  =  13'.     Height  of  eye  -  4'.     Fig.  67. 

Find  tlie  necessary  working  lines  a.nd  points  (Prob.  5),  the 
I  D.P.  and  the  point  A  (Prob.  10). 

Draw  a  line  from  C.V.  through  A  till  it  meets  the  G.L.  in 
a.     Set  off  rtC'  =  twice  A'C  (Fig.  06),  and  join  C  to  C.V.     Set 
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off  from  C  the  distance  C'A'  equal  to  half  the  distance  of  A 
from  the  P.P.,  and  set  oft"  from  A'  the  points  B,  C,  L),  E,  F,  G, 
at  distances  equal  to  the  distance  of  the  corresponding  points  in 


Fig.  66 

Fig.  66,  and  join  them  to  the  h  D.P.  by  lines  meeting  the 
receding  line  from  C  in  the  points  b,  c,  d,  e,f,  g.  Draw  the  line 
C^''  parallel  to  C'V  in  Fig.  GO,  but  of  double  its  length,  and 
bisect  it  in  U.  Draw  lines  from  U  and  Y  to  (,'.Y.,  meeting 
lines  drawn  from  the   points  h,  c,  e,  f,  parallel  to  C'Y,  in  the 


points  n,  r,  v\  I.     Join  these  points,  as  shown,  to  complete  the 
base  of  the  pyramid. 

Draw  ah'  parallel  to  C'Y,  and  equal  to  twice  A'Jv  (Fig.  Q&). 
Join  /.'  to  C.Y.,  meeting  a  line  from  A,  drawn  parallel  to  ah'  in 

G 
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K.  Draw  AL  perpeudicular  to  AK  and  equal  in  length  to  the 
perspective  foot  XO. 

Draw  KP  equal  and  parallel  to  AL,  and  join  PL.  Join  K 
and  P  to  C.Y.  Draw  a  horizontal  line  from  g  to  meet  the 
receding  line  from  A  in  q.  Draw  qr  parallel  to  AK,  and  rQ 
parallel  to  KP.  Draw  a  horizontal  line  through  d.  As  tlie 
point  H  (Fig.  66)  is  4' from  C,  make  dh  =  4:  times  st ;  and  a 
perpendicular  at  /(  3'  10"  high  by  the  same  perspective  foot,  to 
correspond  with  the  height  of  J  (Fig.  66). 

Join  h  and  c  to  h,  cutting  the  receding  line  from  A  in  m  and 
i.  Draw  lines  from  c,  it,  and  v,  to  J,  to  meet  lines  drawn  from 
m  and  /,  parallel  to  AK,  in  Jc,  n,  and  o.  Draw  a  line  from  o  to 
C.V.  to  meet  a  line  drawn  from  w  to  J  hi  jy.  Join  the  points,  as 
shown,  to  complete  the  figure. 

EXEECISES 

Practice 

I'he  scale  to  he  used  in  icorldng  all  these  prohlems  is  \  inch  tu  1  foot. 
The  eye  is  supposed  to  he,  in  each  case,  12'  distant  from  the  P.P., 
and  oV  ahore  the  G.P. 

1.  A  square  right  pyramid  of  3'  base  and  6'  axis  stands  with  its 
base  on  the  G.P.  One  diagonal  of  its  base  is  parallel  to  the 
])icture,  and  its  nearest  corner  is  5'  to  the  spectator's  right  and  1' 
from  the  G.L. 

2.  A  right  line,  7'  in  length,  lies  v^pon  the  G.P.,  and  is  at  right 
angles  to  the  G.L.  The  nearer  end  of  the  line  is  3'  on  the  left 
of  the  spectator,  and  2'  from  the  G.L.  This  line  is  one  side  of 
an  equilateral  triangle,  whose  plane  is  inclined  to  the  G.P.  at 
an  angle  of  GO^  towards  the  left.  Eepresent  the  triangle  in 
perspective. 

3.  A  right  line  3'  long  is  lying  on  the  G.P.,  inclined  to  the  right 
at  an  angle  of  -40'  with  the  P.P.  :  its  nearer  end  is  2'  from  th«i 
P.P.  and  1'  to  the  spectator's  right.  Tiiis  line  is  the  nearest  right- 
hand  side  of  a  regular  hexagon  lying  on  the  G.P.  Draw  the 
hexagon  in  perspective. 

4.  Draw  a  square  right  pyramid  of  3'  base  and  6'  axis,  lying 
with  one  of  its  sides  on  the  G.P,  and  having  its  axis  parallel  to 
the  P.P.  Its  base  is  towards  the  centre  of  the  picture,  and  its 
vertex  8'  to  spectator's  left  and  5'  from  the  G.L. 
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5.  An  equilateral  triangle  of  5'  side  is  in  a  vertical  plane  inclined 
to  the  left  at  an  angle  of  35^  Avith  the  P.P.,  and  has  one  side  resting 
on  the  G.P.  The  triangle  is  one  end  of  a  right  prism  which  has 
an  axis  of  7'.  Draw  the  prism  with  its  nearest  corner  3'  from  the 
P.P.  and  2'  to  the  spectator's  left. 

6.  Let  the  line  AB  (Fig.  60)  represent  the  nearest  side  of  a 
hexagon  parallel  to  the  P.P.,  the  point  A  being  2'  from  the  P.P. 
and  1'  to  the  spectator's  right.  Let  the  hexagon  be  the  base  of  a 
pyramid,  having  an  axis  of  10'.      Draw  it  in  perspective. 

7.  The  hexagonal  prism  (Fig.  62)  is  3^'  long,  with  sides  2'  wide. 
Draw  this  prism  with  one  of  its  faces  on  the  G.P.,  and  its  longer 
edges  receding  to  the  right  at  an  angle  of  30°  with  the  P.P.  The 
nearest  corner  of  its  lowest  face  is  to  be  3'  from  the  G.L.  and  1'  to 
the  spectator's  left.  Draw  a  line,  of  indefinite  length,  passing  through 
the  centre  of  the  nearer  upper  edge  of  those  receding  to  the  right, 
and  at  right  angles  to  it,  and  meeting  the  G.P.  in  a  point  4'  from 
the  nearer  lower  edge  of  the  prism. 

8.  DraAv  in  perspective  the  object  represented  in  Fig.  66  to 
twice  the  scale  there  shown.  The  base  of  the  pyramid  is  to  rest 
on  the  G.P.  The  point  L^  is  to  be  3'  from  the  P.P.  and  2'  to  the 
spectator's  left.  The  edge  KA'  of  the  rectangular  solid  is  to  recede 
to  the  right  at  an  angle  of  50'  vrith  the  P.P. 

9.  Represent  in  perspective  a  line  2'  long  on  the  G.P. 
inclined  at  40""  to  the  G.L.  towards  your  left,  and  having  its 
nearest  point  opposite  the  spectator  and  2'  from  the  G.L. 
]\Iake  this  line  one  of  the  near  edges  of  an  octagonal  slab,  1'  thick, 
lying  flat  upon  the  G.P.,  and  draw  any  line  in  a  plane  at  45° 
to  the  P.P.  to  meet  the  G.P.,  and  pass  thi'ough  one  of  the  upper 
edges  of  the  slab. 

10.  Represent  in  perspective  a  line  AB,  having  one  end,  A, 
upon  the  ground,  3'  to  the  right  of  the  centre,  and  3'  from  the 
G.L.  ;  and  the  other  end,  B,  3'  above  the  ground,  3'  to  the  left, 
and  9'  within  the  picture.  Upon  this  line  AB  construct  in 
perspective  a  regular  hexagon,  having  one  side  resting  on 
the  ground,  bisected  at  point  A,  and  inclined  at  45'  towards 
the  right. 

Theory 

1.  "What  is  the  difference  between  a  vanishing  point  and  a 
measuring  point  [13  and  28]? 

2.  What  is  the  difference  between  a  vanishing  line  and  a  picture 
line  [33  and  40]  1 

3.  What  are  proportional  measuring  points  (p.  80)  1 

4.  What  is  a  vanishing  point?     Why  is  it  so  called  [13]? 
AVhy  are  some  vanishing  points  called  accidental  [39]  ? 


CHAPTEE   V 

circles  and  other  curves,  cylinders,  and  cones 

Problem  25 

1.  Draw  a  cube  of  3'  edr/c    in  parallel  perspective,  so  that   its 

nearer  right-hand  edge  may  he  2'  from  the  P.P.  and  7'  to 
the  spectator's  left.  Inscribe  circles  in  the  squares  forming 
its  visible  faces. 

2.  Draw    upon    the    G.P.  four  circles  each   of  3'  diameter,  and 

touching  the  next,  so  that  their  centres  may  be  on  a  line 
p>erpendicular  to   the  P.P.  and  4:h'  to  the  sp)ectators  left. 
The  nearest  circle  is  to  he  '1'  from  the  P.P. 
Distance  from   PP  =  16'.      Height    of  cye  —  ^'.      Sccde    ^"  =  1'. 
Fig.  68. 

1.  Find  the  usual  working  lines  and  points  (Prob.  5),  the 
^  D.P.  and  the  point  a  (Prob.  10). 

First  draw  the  cube  in  perspective  by  the  method  shown  in 
Prob.  10. 

Draw  diagonals  to  the  front  face  of  the  cube,  intersecting 
each  other  in  c.  Draw  a  liorizontal  and  vertical  line  througli 
this  point,  meeting  the  sides  of  the  square  in  the  points  tr  and 
sq.  Draw  similar  lines  on  the  side  and  top  of  the  cube.  With 
c  as  centre,  and  radius  ct,  describe  a  circle,  cutting  the  diagonals 
in  the  points  e,f,g,  h.  Draw  horizontal  lines  through  </and  hg 
to  meet  the  nearer  side  of  the  square  in  d  and  b. 
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Draw  lines  from  d  and  h  to  C.Y.  to  cut  the  diagonals  on  the 
side  of  the  cube  in  the  points  /,  w,|),  0. 

We  have  now  eight  points  in  the  right-hand  circle,  viz. 
r,  I,  i,  n,j,  0,  k,  p.  Draw  a  fair  curve  through  these  points,  taking 
care  to  remember  that  the  sides  of  the  square  are  to  be  tangents 
to  the  curve. 

Proceed  in  the  same  manner  Avitli  the  top  of  the  cube,  and 
draw  a  fair  curve  through  the  eight  points,  as  shown. 


a.         V      A  W  BW 


G.L 

Fig.  68 

2.  Find  the  point  u  (Prob.  10).  Set  off  one  and  a  half 
perspective  feet  on  each  side  of  u  to  determine  the  points  v  and 
IV.  Join  these  points  to  C.V.  Set  o&  uw  equal  to  one  and  a  half 
perspective  feet,  and  join  x  to  C.V. 

Draw  a  line  from  x  to  i  D.P.  to  meet  the  receding  line  from 
w  in  y.  Draw  the  horizontal  line  yz.  Then  vivyz  is  a  square. 
In  a  similar  manner  draw  the  three  other  squares,  as  shown. 

Draw  diagonals  to  each  of  these  squares,  and  horizontal  lines 
through  their  centres.  Set  off  a  distance  equal  to  rh  on  each 
side  of  u  to  find  the  points  A  and  B,  and  join  them  to  C.V. 
We  now  have  eight  points  in  each  of  the  circles.  Draw  a 
fair  curve  through  them,  as  shown,  touching  the  sides  of  the 
square. 
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CHAP, 


PnOBLEM   26 

1.  Dravj  a  liollow  cylinder  9'  loivi,  4'  in  external  diameter,  ami 

6"  thick  ;  let  it  lie  on  the  G.P.,  loith  its  axis  at  right  angles 
to  the  P.P.,  and  the  nearer  end  of  the  axis  4'  from  P.P.,  5' 
to  the  spectators  left,  and  2'  above  the  G.P. 

2.  Place,   leaning   against    th"   above    cylinder,  equidistant  from 

its  ends  and  touching  it  along  a  horizontal  line,  a 
rectangular  solid  of  dimensions  Y,  3',  and  1',  respectively, 
inclined  at  an  angle  uf  45°  to  the  G.P.,  upon  which  one  of 
its  3'  edges  rests. 
Distance  of  P.P.  =  20'.  Height  of  eye  =  6'.  Scale  \"  —  V. 
Fii?.  69. 

1.  Find  the  necessary  working  lines  and   points  (Prob.  5), 
the  h  D.P.  and  the  point  e  (Prob.  10). 

Draw  a  vertical  line  at  c  and  set  off  upon  it  ec  equal  to  twice 


Fig.  69 

fg.  Join  c  to  C.V.,  and  draw  the  horizontal  line  cli  equal  to 
four  and  a  half  times /(/.  Draw  a  line  from  h  to  |  D.P.  to  meet 
the  receding  line  from  c  in  h.  Then  ck  is  the  axis  of  the  cylinder. 
With  c  as  centre,  and  radius  ce,  describe  a  circle.  Set  off 
ab  equal  to  half  of  fg,  and  describe  a  concentric  circle  through 
h.  Draw  lines  from  a  and  b  to  C.Y.,  meeting  a  perpendicular 
at  k  in  i  and  d.  With  k  as  centre  describe  circles  through  i  and 
d,  and  complete  the  cylinder,  as  shown. 
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y.B. — The  outlines  parallel  to  the  axis  are  obtained  by 
drawing  tangents  from  C.  V.  to  either  of  the  outer  circles  at  the 
ends  of  the  cylinder. 

2.  Draw  the  line  In  a  tangent  to  the  larger  circle,  at  an  angle 
of  45^^  with  Iff,  and  make  it  seven  times  /[/  in  length.  Draw  lo  and 
nm  perpendicular  to  //i,  and  each  equal  in  length  to^.    Join  om. 

Join  /,  n,  7)1,  to  C.V. 

As  the  cylinder  is  9'  long,  and  the  edges  of  the  solid  parallel 
to  it  are  to  be  3'  long,  there  must  be  a  length  of  3'  of  cylinder 
on  each  side  of  the  solid.  Set  off  IjJ  and  ^;j,  each  equal  to  one 
and  a  half  times/]/.  Draw  lines  from  2^  and  q  to  the  h  D.P.  to 
meet  the  receding  line  from  /  in  r  and  s.  Then  each  of  these 
distances,  Ir,  rs,  is  3'. 

])raw  the  lines  rt  and  su  parallel  to  hi,  and  the  lines  tv  and 
iivj  parallel  to  nm.  Draw  a  line  from  v  parallel  to  mo,  meeting 
a  line  from  /■  parallel  to  lo.     This  completes  the  solid. 

Problem  27 

Ztt  ABCD  represent  the  plan  of  a  folding  screen  drawn  to  a  scale 
of  Y  =  1'.  The  total  height  of  the  screen  is  to  he  6',  and 
each  leaf  to  have  a  seniicircidar  top.  The  leaf  P>  is  to  he 
the  farthest  from  the  P.P.,  and  p)arallel  to  it ;  and  the  point  a 
2'  from  the  P.P.  and  4'  to  the  spectators  left. 

Distance  of  V.V.  =  7'.     Height  of  eye  —  4'.     Sccde  |"  =  1'.     Fig.  70. 

Draw  the  G.L.  in  any  convenient  position  above  B,  and 
parallel  to  it.  Draw  the  line  cdi  perpendicular  to  G.L.  Set  off 
he  =  4',  and  draw  a  perpendicular  through  c.  Draw  H.L.  4' 
above  GL,  and  mark  off  S  7'  from  C.Y.  It  will  be  found  by 
applying  the  given  scale  that  A,  B,  C,  D,  are  each  3'. 

Draw  lines  from  S  parallel  to  the  leaves  A,  C,  and  D,  to 
meet  H.L.  in  three  points,  wdiich  will  be  the  V.P.'s  for  the 
respective  leaves.  The  distance  of  S  from  each  Y.P.,  set  off  in 
the  usual  way  on  the  H.L.,  will  give  the  M.P.'s  corresponding 
to  each  Y.P.  :  Prob.  12). 
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Join  b  to  C.V.  Set  off  Id  =  1',  and  draw  a  line  from  (/  to 
I  D.P.  (Prob.  10),  meeting  the  receding  line  from  h  in  a.  Draw 
a'  to  Y.P.A.  Draw  a  horizontal  line  through  a,  and  set  off 
ae  =  3  times  (/h.  Draw  a  line  from  c  to  M.P.A.  to  meet  the 
receding  line  from  a  in  /.  Draw  a  horizontal  line  through 
/,  and  make  fj  and  jk  each  =  3  perspective  feet.     Draw  a  line 


from  M.P.C.  through  A;  to  meet  a  line  drawn  from  V.P.C.  through 
/  in  /. 

Draw  /  to  Y.P.D.,  and  set  off  ini  =  3  perspective  feet,  and 
draw  a  line  from  m  to  M.P.D.  to  meet  the  receding  line  from 
^  in  0  ;  or  In  =  Ih  perspective  feet  might  be  set  off,  and  n  drawn 
to  I  M.P.D.,  which  would  equally  Avell  give  us  the  point  o. 

When  the  plan  of  an  object  is  given,  as  in  this  instance,  the 
widths  of  the  several  leaves  can  be  determined  without  using 
the  M.P.'s ;  e.g.  project  upon  tlie  G.L.  each  of  the  points  on  tlie 
plan,  then  join  their  projections  to  C.V.,  as  shown. 

Set  up  a'p  =  6  perspective  feet,  and  draw  a  line  from  p  to 
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V.P.A.  to  meet  a  perpendicular  on  /  in  q.  Draw  a  horizontal 
line  from  q  to  meet  a  perpendicular  on  j  in  r.  Proceed  in  a 
similar  manner  with  the  leaves  C  and  D'. 

Set  off  qu  =  Ih  perspective  feet.  Draw  the  horizontal  line 
uv,  and  bisect  it  in  ?/.'.  With  lu  as  centre,  and  radius  nu(,  describe 
a  semicircle.  Join  20  to  q  and  r,  cutting  the  semicircle  in  s  and 
t.  Draw  a  horizontal  line  through  s  and  t,  and  produce  it 
towards  the  several  vanishing  points  through  each  leaf  Bisect 
this  line  on  each  leaf  in  the  following  manner  : — Take  the  leaf 
A',  for  example.  Set  off  xi/  equal  to  po;.  Join  1/  to  q,  cutting 
the  horizontal  line  in  z.  Draw  a  vertical  line  from  z,  and  join 
z  to  p  and  q ;  in  this  way  we  can  obtain  five  points  in  the  curve. 
Proceed  in  a  similar  manner  with  the  leaves  C  and  D',  and 
draw  the  curves,  as  shown. 

Circles  in  Parallel  Planes 

Problem  28 

1.  Drcno   a  cylinder  9'  long  and  4'  in  diameter,  with   its   axis 

'perpendicidar  to  the  G.P. ;  tUe  point  A  is  to  he  3'  from  P.P. 
ami  7'  to  the  spectator  s  left.  Divide  the  cylinder  into  six 
equal  parts  hy  the  intersection  of  Jive  horizontal  planes. 

2.  Draw  a  similar  cylinder  of  the  same  dimensions,  lying  on 

the  G.P.  v:ith  its  axis  inclined  to  the  right  at  an  angle  of 
48°  with  the  P.P.  ;  the  nearest  'point  (B)  of  the  cylinder  is 
to  he  2)' from  the  P.P.,  1'  to  the  spectators  right,  and  2' 
ahove  the  G.P.  Divide  this  cylinder  into  three  equal  parts 
hy  vertical  planes  parallel  to  the  ends. 
Distance  from  P.P.  =  14'.  Height  of  eye  =  6'.  Scale  \"  =  1'. 
Fig.  71. 

1.  Find  the  usual  working  lines  and  points  (Prob.  5),  the 
I  D.P.  and  the  point  A  (Prob.  10). 

Draw  a  horizontal  line  through  A,  and  on  it  set  off  two 
perspective  feet  on  each  side  of  A,  obtaining  the  points  cc  and 
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h.  Join  these  points  to  C.Y.  Draw  a  line  from  A  to  J  P.P. 
to  meet  the  receding  line  from  a  in  q.  Draw  a  horizontal 
line  through  q  to  meet  the  receding  line  from  h  in  r.  Then 
ahrq  is  a  square  in  perspective.  Draw  diagonals  to  the  square, 
and  also  the  horizontal  line  ch  through  its  centre. 

With  A  as  centre,  and  radius  Ah,  describe  a  semicircle,  and 


MP     vj 


FiK.  71 


about  it  describe  a  rectangle,  as  shown.  Draw  lines  from  A  to 
the  corners  of  the  rectangle,  cutting  the  semicircle  in  the  points 
c  and  d.  Draw  perpendiculars  from  these  points  to  meet  al,  and 
join  tlie  meeting  points  to  C.Y.  to  determine  the  corresponding 
points  /  and  g,  in  perspective.  Draw  a  fair  curve  through  these 
points,  as  shown.  Draw  ai,  nine  perspective  feet  in  height,  and 
draw  a  horizontal  line  from  i  to  meet  a  vertical  line  at  h  in  j. 
Join  these  points  to  C.Y.,  and  complete  the  square  in  perspective, 
with  its  diagonals,  etc.,  as  shown.  Perpendiculars  drawn  from 
the  points  on  the  loAver  circle  give  corresponding  points  for 
drawing  this  upper  circle.  Divide  each  of  these  perpendiculars 
into  six  equal  parts  and  draw  fair  curves  through  the  points,  as 
shown. 


V      CIRCLES  AND  OTHER  CURVES,  CYLINDERS,  AND  CONES    91 

2.  Find  the  necessary  working  points,  and  the  point  t  (Prob. 
13),  which  is  to  be  the  nearest  bottom  corner  of  a  square  circum- 
scribing the  circular  end  of  the  cylinder,  as  shown.  Draw  a 
perpendicular  on  t,  and  set  off  upon  it  /B  =  2  perspective  feet, 
also  B?t  equal  to  tYS.  Join  these  three  points,  t,  B,  u,  to  each 
V.P.  Set  off"  ^y  =  4  perspective  feet,  and  draw  a  line  from  v  to 
M.P.,  meeting  the  receding  line  from  t  in  \o.  Draw  a  perpen- 
dicular at  w  to  meet  the  receding  line  from  u  in  z.  Tlien  hozu 
is  a  square  in  perspective.  Draw  diagonals  to  tins  square,  also 
a  vertical  line  through  its  centre. 

As  tii  is  equal  in  length  to  ab,  set  off  ty,  and  ux,  equal  to  the 
corresponding  divisions  on  ah.  Draw  lines  from  cc  and  y  to 
V.P.  These  lines  will  give  the  points  on  the  diagonals  through 
which  the  circle  forming  one  end  of  the  cylinder  will  pass. 
Draw  the  circle,  as  shown. 

Draw  a  horizontal  line  at  t,  and  set  off  tC,  three  perspective 
feet  in  length.  Draw  a  line  from  C  to  M.P.'  to  meet  the  receding 
line  from  t  in  D.  Draw  a  horizontal  line  from  D  to  meet  a  line 
drawn  from  C  to  V.P.'  in  E.  Join  E  to  'M.V.'  to  find  F,  and 
find  G  in  a  similar  manner.  Draw  perpendiculars  at  the  ppints 
D,  F,  and  G  to  meet  the  receding  line  from  it. 

Draw  lines  from  D,  R,  0,  to  V.P.,  meeting  lines  drawn  from 
H,  J,  T,  to  \.?:,  in  the  points  K,  L,  N.  Join  LD,  LO,  and 
draw  lines  from  U,  V,  to  V.P.',  meeting  these  lines  in  Q  and  P. 
Draw  a  fair  curve  through  the  points  N,  P,  E,  Q,  K.  Proceed  in 
the  same  manner  with  the  planes  at  F  and  G,  and  complete  the 
cylinder,  as  shown. 

Block  letters  are  frequently  given  as  subjects  for  perspective 
in  the  elementary  stage  of  the  science  and  art  examinations. 
The  following  problem  is  an  example. 

Problem  29 

Let  A  and  A'  represent  the  pUm  and  elevation  of  the  letter  P  cut 
out  of  a  solid  block.     Represent  the  letter  in  perspective,  on 
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the  same  scale  as  the  diagram,  so  that  the  corner  B  may  he 
on  the  G.P.,  3'  from  the  G.L.,  and  2'  to  the  spectator  s  left, 
and  the  face  of  the  letter  in  a  rertiecd  plane  inclined  to  the 
right  at  an  angle  of  50°  with  the  V.V. 


Distance     of     P.P.  =  7'.       Height    of    cijc  =  6'.       Scale 
Fisz.  72. 


1'. 


Find  the  necessary  working  lines  and  points,  and  the  point 
b  (Prob.  12). 

Join  B7),  and  produce  the  line  to  meet  H.L.  in  c'.     Draw  a 
horizontal  line  through  h. 

About  the  two  semicircles  describe  rectangles,  with  diagonals, 


V.R      V'      p.p. 


M.R  HL.  C.V. 


S  B 


Fis.  72 


etc.,  as  in  the  preceding  problem,  and  draw  vertical  lines  from 
the  several  points  to  meet  the  G.L.  in  the  points  C,  I),  E,  etc. 
Draw  lines  from  these  points  to  v'  to  meet  the  horizontal  line 
through  h  in  the  points  e,  d,  e,  etc. 

This  point  (r')  is  the  Y.P.  for  all  lines  parallel  to  B'//,  and 
enables  us  to  transfer  the  points  C,  D,  E,  to  e,  d,  e,  on  a  hori- 
zontal line  through  h. 

Draw  a  line  from  Y.P.'  through  h,  and  a  line  from  ^L.l\' 
through  71  to  meet  it  in  j).  Set  off  7iq  =  nh,  and  draw  a  line 
from  (^  to  !M.P.  to  meet  a  line  from  p  tt)  V.P  in  o. 
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Erect  a  perpendicular  at  h,  aud  draw  lines  from  J\  G,  H, 
etc.,  to  v\  to  meet  it  in  the  points/,  g,  h,  etc. 

Draw  lines  from  the  points  c,  d,  e,  etc.,  to  M.P.',  meeting  the 
receding  line  from  p  in  the  points  r,  s,  t,  etc.  Draw  perpendi- 
culars at  these  points  to  meet  lines  drawn  from  /,  g,  h,  etc.,  to 
V.P.'.  thus  we  shall  get  the  necessary  points  for  drawing  the  two 
semicircles  on  the  face  of  the  letter,  as  shown. 

Draw  a  perpendicular  at  p  to  meet  in  u  a  line  drawn  from 
Y.P.'  through  k.  Draw  a  perpendicular  at  0  to  meet  in  v  a  line 
from  w  to  Y.P. 

The  back  of  the  letter  is  found  by  drawing  lines  from  0  and 
t  to  opposite  A^.P.'s  to  meet  in  I.  Lines  drawn  from  the  points 
r,  s,  t,  etc.,  to  V.P.,  will  give  the  necessary  points  on  the  line  ol, 
at  which  to  erect  vertical  lines  to  obtain  the  corresponding  points 
on  the  back  of  the  letter. 


CoxcEXTRic  Circles 

Problem  30 

Draw  three  concentric  circles  inpersjjcctive,  with  diameters  o/l  0',  6', 
and  3',  respectively.  The  circles  are  to  he  in  a  plane  perpen- 
dicular to  loth  the  P.P.  and  the  G.P. ;  the  nearest  p)oint  A  of 
the  largest  circle  is  to  he  4:' from  the  P.P.,  12'  to  the  spectatoi's 
left,  and  5'  above  the  G.P. 

Distance  of  P.P.  =  20'.  Height  of  eye  =  6'.  Sccde  |"  =  1'. 
Fig.  73. 

Find  the  necessary  ^vorking  lines  and  points  (Prob.  5),  the 
h  D.P.  and  the  point  a  (Prob.  10). 

'  Draw  a  perpendicular  at  a,  and  set  off  aX  =  5  perspective 
feet,  also  Ae  equal  to  «A.  Join  each  of  these  points  to  C.V. 
Set  off"  ac  —  5  perspective  feet,  and  draw  c  to  i  D.P.,  meeting  the 
receding  line  from  a  in  d.  Draw  a  perpendicular  at  d  to  meet 
the  receding  line  from  c  in/.     Then  adfe  is  the  square  circuni- 
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scribiug  the  largest  circle.  Draw  diagouals  to  this  square  inter- 
secting in  0.  Draw  the  perpendicular  $t  through  o,  also  the  line 
Am  towards  C'.V. 

With  any  convenient  point  C  as  centre,  and  with  a  radius  of 
5',  draw  a  quadrant.  Describe  about  this  quadrant  a  square 
CEDE,  as  in  the  figure,  and  draw  the  diagonal  DC.  From  the 
point  F,  where  the  quadrant  cuts  the  diagonal,  draw  the  perpen- 
dicular FG.     Draw    lines  from    the    points  B   and    CI    to  C.Y. 


iPR 


Ficr.  73 


Set  off  aj  and  eg  each  equal  to  HJ,  and  draw/  and  ^  to  C.V. 
to  meet  the  diagonals  of  the  square  in  the  points  A,  /,  h,  i. 
Draw  a  fair  curve  through  the  points  A,  h,  s,  i,  vi,  I,  t,  h.  This 
is  the  perspective  of  the  largest  circle. 

]Mark  off  q  and  r,  each  three  perspective  feet  from  A,  and  join 
them  to  C.Y.  The  intersections  of  these  lines  with  the  diagonals 
will  give  the  corners  of  the  square  circumscribing  the  secdnd 
circle.     Join  these  points  to  complete  the  square. 

Join  jo,  cutting  kv  in  ]).  Make  vn  equal  to  tqo,  and  draw 
lines  from  n  and  ^j  to  C.V.  to  meet  the  diagonals.  Thus  we  shall 
determine  the  points  through  which  the  circle  will  pass.     Deter- 
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iiiiiie  the  points  for  the  smallest  circle  iu  the  same  manner,  and 
complete  the  curves,  as  shown. 

The  points  n  and  ^j  could  also  be  determined  from  the  lines 
drawn  from  B  and  G  to  C.V.,  e.rf.  draw  the  horizontal  line  LK 
equal  in  length  to  half  of  ru,  and  set  off  im  and  pu,  each  equal 
to  LX.  The  points  for  finding  the  smallest  circle  could  be 
determined  iu  a  similar  manner  from  the  line  QP. 


Proble:m  31 

1.  Draw  a  right  cone  5'  liigh,  irith  base  4'  in  diameter,  standing 

on  the  G.P.,  the  point  A  being  2'  frotn   the  P.P.  and  4'  fo 
the  spectators  right. 

2.  Draiv  a  cone  of  the  same  dimensions,  Iging  on  the  G.P.  vjith  its 

axis  parallel  to  the  P.P.,  and  the  point  B  ^  from  the  WW 
and  3'  to  the  spectator's  left. 
Distance    of    P.P.  =  12'.       Height    of    eije  =  A:'.       Sccde    J"  =  1'. 
Fig.  74. 

1.  Find  the  necessary  working  lines  and  points  (Prob.  5), 


the  \  D.P.  and  the  point  A  (Prob.  10).  Draw  a  horizontal  line 
through  A.  Set  off  on  each  side  of  A  the  distances  Ac  and  Ad, 
each  equal  to  twice  ah.     Join  these  points  to  C\.  and  complete 
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the  square  cdfe.  Draw  tlie  diagonals,  etc.,  to  tins  square,  aud 
determine  the  necessary  points  for  drawing  the  circle  in  perspec- 
tive (Prob.  25). 

Draw  a  perpendicxilar  at  the  centre  g,  live  times  jk  in  height, 
for  the  vertex  h.  Draw  lines  id,  and  Id,  tangents  to  the  curve 
forming  the  base.     This  completes  the  cone. 

2.  Find  the  point  B  (Prob.  10).  Draw  a  line  from  Q.\ . 
through  B  to  meet  the  horizontal  lines  through  c  aud  c  in  I 
and  n. 

Draw  a  horizontal  line  through  B,  and  make  Br  equal  in 
length  to  ill.  With  B  as  centre,  and  radius  equal  to  ti,  dra^v 
an  arc ;  and  with  v  as  centre,  aud  radius  equal  to  vB,  draw 
another  arc  cutting  the  first  in  %l  Join  B?f.  Draw  a  line  from 
€.V.  through  u  to  meet  lines  drawn  from  I  and  n,  pai^allel  to 
B»,  in  2D  and  q.  Then  inqiJ  is  the  square  circumscribing  the 
base  of  the  cone. 

Draw  diagonals  to  this  square,  also  a  line  from  C.Y.  through 
the  centre.  Set  off  ^jr  and  Is,  each  equal  to  cm,  and  draw  lines 
from  /■  and  s  to  C.Y.  to  cut  the  diagonals.  Draw  a  fair  cur\'e,  as 
shown,  through  the  points  found.  This  curve  is  the  perspective 
of  the  circle  forming  the  base  of  the  cone,  and  we  have  only  to 
draw  lines  vu,  and  ■z/B,  tangents  to  this  circle  to  complete  the  cone. 

Problem  32 

Let  A  and  B,  A'  and  B'  (Fig.  75)  represent  to  a  scale  of  \"  —  1' 
the  plan  and  elevation  of  a  rectangidar  solid  sup'porting  a 
cone.  It  is  required,  to  draw  these  solids  in  perspective  to 
ticice  this  scale,  the  longer  edges  of  the  solid  A  to  incline  to 
the  left  at  an  angle  of  40°  v:ith  the  P.P.,  and  tJie  angle  C 
to  he  o'  from  the  P.P.  and  2'  to  the  spectator's  right. 

Distance  of  P.P.  =  T.     Height  of  eye  =  4'.     Fig.  76. 

Find  the  necessary  working  lines  and  points,  and  the  point 
c  (Prob.  13). 

Produce  a  line  from  C.Y.  through  c  to  meet  the  G.L.  in  C. 


V      CIRCLES  AND  OTHER  CURVES,  CYLINDERS,  AND  CONES    97 

Draw  the  i^erpendicular  Cc  twice  the  height  of  the  solid  A'. 
Draw-  a  line  from  a  to  C.V.,  meeting  a  perpendicular  on  c  in  h. 

Join  (■  and  h  to  eacli  Y.V.  Draw  a  horizontal  line  through  c. 
Set  off  CD  twice  the  length  of  CD  (Fig.  75).  Draw  a  line  from 
D  to  C.y.,  meeting  the  horizontal  line  through  c  in  d.  Draw  a 
line  from  d  to  ]\I.P.,  meeting  the  re- 
ceding line  from  c  in  /.  Eind  the 
opposite  corner  f/  of  the  same  solid 
in  a  similar  manner.  Draw  ver-"^' 
tical  lines  at  /  and  //,  and  com- 
plete the  solid  A,  as  shown. 

Set  off  CA  equal  to  twice  C¥ 


(Fig. 


Join  h  to  C.V.  to  find 


1  \     I      /-       !  I      \ 

J ^'/__  '■  i_J 


i.  Draw  a  line  from  ]\I.1\' through 
i  to  meet  a  line  from  \.V.'  through 
c  in  j.  Set  off  Cr  =  twice  CC 
(Fig.  75),  and  find  h  in  a  similar 
manner  to  that  described  for  j. 
Draw  a  line  from  Y.P.  through  / 
to  meet  a  line  drawn  from  Y.V.' 
tlirough  /i  m  p. 

Set  off  C/  equal  to  twice  FH  (Fig.  75).  Join  /  to  C.V.  to 
find  m.  I  )raw  a  line  from  m  to  ]\I.r.  to  find  n.  Draw  a  line 
from  Y.P.'  through  n  to  meet  the  receding  line  from  p  in  0. 
Find  tlie  point  j  in  a  similar  manner,  and  complete  the  perspec- 
tive square  ])os(i.  Draw  diagonals  to  this  square,  intersect- 
ing in  f. 

Produce  a  line  from  V.P.'  through  p  to  meet  the  G.L.  in  Y.. 
Draw  the  vertical  line  EF  twice  the  height  of  A'  (Fig.  75), 
Draw  a  line  from  F  to  V.P.'  to  meet  vertical  lines  at  p  and  (j  in 
u  and  .''.  ])raw  a  line  from  u  to  \.V.  to  meet  a  vertical  line  at 
o  in  v:.  Draw  lines  from  vj  and  o^  to  the  Y.P's.  to  complete  the 
perspective  square  circumscribing  the  base  of  the  cone.  Draw 
diagonals  to  this  square,  and  a  line  through  the  centre  from 
each  Y.P. 

11 
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To  determiue  the  points  where  a  circle  would  cut  the 
diagonals  of  this  square,  set  off  IK  equal  to  twice  Hlv  (Fig.  75). 
Join  K  to  C.V.  to  find  N.  Join  X  to  M.P.  to  find  L.  Draw  a 
line  from  Y.P.'  through  L  to  meet  the  diagonal  in  1'.  J  )raw  a 
line  from  YJ\  throuoh  1*  to  meet  the  other  diagonal,  and  thence 


a  line  to  Y.P.'  Draw  perpendiculars  at  the  points  just  found 
to  the  diagonals  of  the  upper  square,  and  draw  a  fair  curve 
through  them,  touching  the  sides  of  the  square,  as  shown. 

Assume  any  convenient  point  v  on  H.L.,  and  draw  a  line 
from  it  through  t  to  meet  the  G.L.  in  G.  Set  up  GH  and  HJ, 
equal  respectively  to  twice  A'  and  twice  B'  (Fig.  75).  Draw  J 
to  V,  cutting  a  perpendicular  on  t  in  I\.  Draw  lines  from  II 
tancreutial  to  the  base  of  the  cone. 
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Curves 

Pkoble.m  33 

1.  llie  curve  amtaincd  by  the  rigid  angle  ABC  is  dravn  to  a  male 

of  \"  =  r.  Drav  this  curve  to  twice  this  scale  in  a  vertical 
2)lane  perpendicular  to  P.P.,  cmd  resting  so  that  the  line 
corresponding  to  BC  may  he  on  the  G.P.;  the  perspective  of  the 
point  B  is  to  he  2'  from  the  P.P.  and  4'  to  the  spectator'' s  left. 
Draw  a  part  of  the  same  curve  on  a  [ilanc  2Mrallel  to  and  2'  to 
the  left  of  the  first  plane,  and  join  them  so  that  the  two 
curves  may  together  form  a  thin  opaqiie  scroll. 

2.  Represent  the  same  curve,  lying  to  the  left  of  the  line  BC,  o/o 

the  G.I'.,  so  that  BC  may  be  at  right  angles  to  the  P.P., 

and  the    'p)oint   D  4'  to  the  right  of  the   spectator  and  1' 

from  the  P.P. 
Botate  this  curve  on  the  line  BC  till  the  plane  containing  it  is 

inclined  to  the  G.P.  at  an  angle  of  65°  on  the  rigid. 
Distance  of  P.P.  =  16'.     Height  of  eye  =  6'.     Fig.  77. 

A.ssume  any  number  of  convenient  points  in  the  given  curve, 


A   G   F     E     D 


Fig.  77 


and  draw  lines  from  tlieni   parallel   to  the  lines  Ali  and  BC, 
as  shown. 

1.  Find  the  necessary  working  lines  and  points  (Prolj.  5), 
the  h  I>.P.  and  the  point  s  corresponding  to  B  (Proh.  10). 
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Draw  a  line  from  C.Y.  tiirougli  s  to  meet  the  G.L.  in  h. 
Draw  a  perpendicular  at  h,  and  set  up  the  heights  hd,  he,  etc., 
equal  to  twice  the  corresponding  heights  B,  BD,  BE,  etc.  Join 
these  points  to  C.\. 

Draw  a  line  from  h  D.P.  through  s  to  meet  the  G.L.  in  B'. 
Set  off"  from  B',  along  the  G.L.,  the  distances  B'A,  By,  B7t,  etc., 
equal  to  the  corresponding  distances  B,  BH,  BJ,  BK,  etc.  Draw 
lines  from  h,  j,  k,  etc.,  to  h  D.P.  to  meet  the  receding  line  from 
h,  and  draw  vertical  lines  at  these  points  to  meet  the  receding 
lines  from  d,  e,  f,  etc.  Draw  a  fair  curve  through  the  inter- 
sections, as  shown. 

Set  off  h\  2'  to  the  left  of  h,  and  draw  a  vertical  line.  Set 
off  heights  on  this  line  equal  to  those  on  the  vertical  line  at 
h.  Draw  lines  from  these  points  to  C.Y.  to  meet  horizontal 
lines  drawn  from  the  corresponding  points  of  the  curve,  and 
complete  the  scroll,  as  shown. 

2.  Draw  a  horizontal  line  through  s.  Set  off  D',  -t'  to  the 
right  of  the  spectator,  and  draw  a  line  from  D'  to  C.V.,  inter- 
secting the  horizontal  line  from  s  in  r.  Mark  oft'  on  the  G.L., 
on  each  side  of  D',  points  corresponding  to  the  divisions  on  the 
perpendicular  at  &,  and  draw  lines  from  them  to  C.V.,  intersect- 
ing horizontal  lines  drawn  from  the  corresponding  divisions  on 
the  receding  line  from  l.  Draw  a  fair  curve  through  the  corre- 
sponding intersections,  as  shown. 

Draw  the  line  ST  at  an  angle  of  ^o^  with  tlie  G.P.  on  the 
right,  and  mark  off  upon  it  points  corresponding  to  the  divisions 
on  KS,  and  draw  lines  from  these  points  to  ('.V.  Draw  from 
the  points  on  the  receding  line  from  S,  lines  parallel  to  ST. 
Draw  a  fair  curve  through  the  corresponding  intersections,  as 
shown. 

This  last  curve  might  have  been  traced  directly  from  the 
preceding  as  follows :  Take  any  point,  Y  for  example,  and  draw 
a  horizontal  line  through  it  to  find  U.  "With  U  as  centre,  and 
radius  UY,  draw  an  arc  to  meet  the  line  U"\Y,  drawn  j^arallel 
to  ST  in  A^'.     Then  AV  will  be  a  point  on  the  new  curve  cor- 
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responding  to  X.  Similarly  any  number  of  points  on  the  new 
curve  may  be  determined. 

By  the  above  example  we  have  shown  how  to  draw  in 
perspective — 

(1)  Faralld  carccs  in  vertical,  ^'loncs ;  (2)  a  curve  in  a  liori- 
zuntcd  plane  ;  (3)  a  curve  in  an  inclined  plane  ;  (Jt)  a  flane  curve 
rotated  thnmiih  a  (jiven  anyh'  tdjovt  a  line  in  its  oirn  ^'Icine. 

"When  a  curve  is  of  a  more  complex  character,  it  is  better 
to  intersect  it  with  a  series  of  parallel  lines  at  equal  distances 
apart,  and  at  right  angles  to  each  other,  forming  small  squares. 
These  squares  can  then  be  drawn  in  perspective,  and  the  curve 
drawn  by  eye  through  the  corresponding  sc|uares.  This  method 
is  illustrated  in  the  following  problem. 

PPtOlJLE.M    34 
The  curves  enclosed  in  the  square  ABCD  are  dravjn  to  a  scale  of 

J ''  =  1'.     Draw  tlieni  to  twice  this  seede,  lying  on  the  G.P. 

'icith  the  point  E  1'  from  the  P.P.  and  directly  opposite  the 

spectator. 
Distance  of  P.P.  =  8i'.     Heiyht  of  eye  =  5'.     Pig.  78. 

Divide  each  side  of  the  scjuare  into  any  number  (7)  of  equal 
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parts,  and  draw  lines  from  the  points   of  division   parallel   to 
the  sides. 
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Draw  the  G.L.  and  H.L. 

In  any  convenient  position  on  the  G.L.  set  off  ah  equal  to 
twice  AB,  and  divide  it  into  seven  equal  parts.  Take  e,  the 
middle  point  of  the  third  division  from  the  right,  as  the  point 
corresponding  to  E,  and  erect  a  perpendicular  at  c  to  find  the 
C.V.     Draw  lines  from  each  of  the  points  on  the  G.L.  to  Q,X. 

Find  the  i  D.P.  (Prob.  10).  Set  off  €f=  V,  and  join/  to  the 
^  D.P.  to  find  E'.  Draw  a  horizontal  line  hi  through  E'.  Bisect 
hi  in  j,  and  draw  a  line  from  /  to  h  D.P.  to  find  k.  Draw 
through  h  the  horizontal  line  /./  and  join  Id.  This  line  is  a 
diagonal  of  the  perspective  square  hill\  Draw  horizontal  lines 
through  each  of  the  points  where  this  diagonal  intersects  the 
receding  lines  from  the  points  on  the  G.L. 

Draw  by  the  eye  through  the  corresponding  squares  a  curve, 
as  shown,  corresponding  to  the  given  figure. 

Pkoblem  35 

Let  A  M  the  elevation,  of  a.  large  cireular  hovi  draiai  to  a  scale  of 
i"  =  1'.  Drav)  it  to  tvAce  this  scale  in  perspective,  with 
its  axis  A'  from  the  P.P.  and  o  to  tJie  spectator's  left. 

Distance  of  P.P.  =  12'.     Height  of  eye  =  6'.     Fig.  79. 

Find  the  necessary  working  lines  and  points  (Prob.  5),  the 
I  D.P.  and  the  point  c  (Prob.  10). 

Draw  a  line  from  C.V.  through  e  to  meet  the  G.L.  in  C. 
Set  off  from  C'  the  distances  C'D',  C'E',  C'B',  equal  to  twice  the 
corresponding  distances  CD,  CE,  CB.  Draw  lines  from  the 
points  D',  E',  B'  to  C.Y.,  meeting  a  horizontal  line  through  c 
in  the  points  d,  e,  and  h. 

Draw  a  perpendicular  on  C,  and  mark  off  the  points  F',  G', 
etc.,  at  twice  the  heights  of  the  corresponding  points  F,  G,  etc. 
Draw  lines  from  these  points  to  C.V.  to  meet  a  perpendicular 
on  c  in  the  points/,  g,  etc.  Draw  horizontal  lines  from/ ^,  etc., 
to  meet  perpendiculars  at  the  points  d,  c,  and  h,  in  the  points 
h,  I,  m,  and  n.     Produce  the  horizontal  lines  and  set  off  equal 
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distances  on  the  opposite  side  of  the  axis  to  find  the  correspond- 
ing points  0,  p,  q,  etc.  Draw  lines  from  ]^D.  through  these 
points  to  meet  receding  lines  from  the  points  C,  F',  etc.,  in  the 
points  w,  V,  u,  etc. 

We  will  now  find  the  ^M.l*.  accompanying  the  P.lJ.  The 
distance  of  s  from  C.V.  is  equal  to  half  the  distance  of  P.P. ; 
therefore  with   h   IXP.    as  centre,  and  the   distance  of  s  from 
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\  D.P.  as  radius,  descril)e  an  arc  to  meet  the  H.L.  in  inqi.  At 
twice  the  distance  oiw.p.  from  C.V.  we  find  the  M.P.  required. 

Draw  lines  from  P.D.  through  the  points 7",  //,  r/,  etc.,  to  meet 
lines  drawn  from  M.P.  through  the  points  n,  m,  I,  etc.,  in  the 
points  P,  0,  N,  etc. 

Find  P.D.'  [23]  and  set  off  M.P.'  the  same  distance  fi-om  C.V. 
as  M.V.  Draw  lines  from  P.D.'  through  the  points  j,  h,  g,  etc., 
to  meet  lines  drawn  from  M.P.'  tlirough  the  points  0,^;,  q,  etc.,  in 
the  points  V,  U,  T,  etc. 

The  more  distant  points  of  the  rim  are  found  as  follow.s  : — 
draw  a  line  from  0  to  M.P.  meeting  a  line  from  j  to  P.D.  in  X. 
A  line  from  n  to  P.D.  meets  yj  produced  in  '^^'' :  and  a  line  from 
n  to  M.P.'  meets  a  line  from  J  to  P.D.'  in  Y. 

Draw  fair  curves,  as  shown,  through  the  points  found. 
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This  problem  may  serve  to  illustrate  curves  drawn  on  vertical 
planes  through  a  common  axis,  if  the  extremities  of  the  parallel 
lines  on  each  plane  are  joined,  as  shown.  The  problem  might 
also  have  been  worked  by  finding,  in  perspective,  horizontal 
circles  at  the  different  levels,  and  drawing  curve-s,  tangentially, 
to  them. 


EXERCISES 

Practice 

The  scale  to  be  used  in  ivorldng  all  these  prohlerm  is  half  an  inch 
to  1  foot. 

The  eye  is  supposed  to  he,  in  each  case,  13'  distant  from  the  P.P., 
and  5^'  above  the  G.P. 

1.  Draw  in  2)erspective  a  rectangular  .slab  of  dimensions  6',  6', 
and  1'  respectively,  resting  with  one  of  its  narrow  faces  on  the  G.P., 
at  right  angles  to  the  P.P.  ;  its  nearest  edge  being  1'  from  the 
picture  and  .5'  to  the  spectator's  left.  Represent  a  circular  hole 
4'  in  diameter  cut  through  the  centre  of  the  slab. 

2.  Draw  in  perspective  a  circle  5'  in  diameter,  lying  on  the  G.P. 
with  its  centre  7'  from  the  G.L.  and  3'  to  the  right  of  the  spectator. 
Let  the  circle  form  the  base  of  a  cylinder  2'  high. 

3.  DraAv  in  perspective  a  square  of  4'  side  at  right  angles 
to  the  P.P.  and  inclined  to  the  G.P.  at  an  angle  of  30'  to  the 
right,  having  one  of  its  sides  on  the  G.P.  and  its  nearer  lower 
corner  2'  from  the  P.P.  and  2'  to  the  spectator's  left. 

Within  the  square  inscribe  a  circle  4'  in  diameter,  aud  let  it 
form  the  lower  end  of  a  cylinder  1'  thick. 

4.  The  cone  illustrated  in  Fig.  74  has  a  base  4'  in  diameter  and 
an  axis  5'  long.  Draw  an  equal  cone  in  a  position  similar,  with 
reference  to  the  picture  and  ground  planes,  to  that  represented  in 
the  left-hand  figure,  but  with  the  point  P)  G'  to  spectator's  light. 

5.  Draw  three  concentric  circles  witli  diameters  of  5',  4',  and 
2'  respectively,  in  a  plane  perpendicular  to  the  P.P.,  and  inclined 
to  the  G.P.  at  an  angle  of  30°  on  the  left;  so  that  the  lowest 
point  of  tlie  largest  circle  may  touch  the  G.P.  4'  from  the  G.L. 
and  1'  to  the  spectator's  left. 

6.  Draw  a  hollow  cylinder  4'  in  external  diameter,  4'  in  length, 
and  6"  in  thicknes.s.  Let  it  lie  on  the  G.P.  with  its  axis  horizontal 
and  inclined  to  the  P.P.  at  an  angle  of  40°  on  the  right,  the  nearer 
end  of  its  axis  being  2'  from  the  P.P.  and  1'  to  spectator's  left. 
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7.  Draw  a  curve  similar  to  that  illustrated  in  Fig.  77,  with  the 
line  AB  3'  long.  Let  this  line  be  on  the  G.P.,  perpendicular  to 
the  G.L.,  and  let  A,  the  nearer  end  of  the  line,  be  '1'  from  the  G.L., 
and  2'  to  the  spectator's  left,  and  let  the  })lane  containing  the  curve 
be  inclined  to  the  G.P.  at  an  angle  of  30"  on  the  left. 

Draw  in  perspective  the  plane  ABCD,  as  in  Fig.  78,  and  with 
similar  curves  thereon.  Let  the  line  AB  be  6'  long,  and  recede  to 
the  left  at  an  angle  of  -io"  with  the  P.P.,  and  let  the  point  B,  the 
nearer  end  of  the  line,  be  3'  from  the  G.L.  and  2'  to  spectator's  left. 

Theory 

1.  Through  what  point  on  tlie  horizon  line  does  the  vanishing 
line  for  planes  perpendicular  to  the  picture  and  ground  planes  pass 

2.  ^^  In'  is  the  angle  ot  vision  limited  to  60"  ?  How  would  the 
representation  of  an  object  be  atiected  if  this  limit  were  extended 
[45]? 

3.  A\  hy  should  lines  perpendicular  to  tlie  picture  converge  to 
the  centre  of  vision  [17]  ? 

4.  Explain  how  measuring  points  enable  us  to  measure  distances 
on  receding  lines  [29]  ? 

5.  If  a  plane  were  perpendicular  to  the  picture  plane,  and 
inclined  to  the  ground  plane  at  an  angle  of  45°,  through  what 
point  on  the  horizon  line  would  its  vanishing  line  pass  [34]? 

6.  Where  is  the  vanishing  line  for  planes  at  right  angles  to  the 
ground  plane,  and  forming  an  angle  of  45^  with  the  picture  plane 
[36]? 
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The  illustrations  in  this  chapter  are  rather  more  elaborate  in 
character  than  those  generally  given  in  the  elementary  stage, 
but  they  form  good  subjects  for  the  practical  application  of 
several  of  tlie  problems  already  given. 

Fig.  80  represents  in  parallel  perspective  a  model  built  up 
of  blocks,  the  majority  of  the  dimensions  being  one  foot  and 
half  a  foot. 

The  point  a  is  3'  from  the  P.P.  and  3'  to  the  spectator's  right. 

Distance  of  P.P.  =  12'.     Height  of  eye  =  3'.     Scale  |"  =  1'. 

Find  the  necessary  working  lines  and  points,  perspective 
scale,  and  point  a  (Prob.  5).  As  several  of  the  dimensions  are 
half  a  foot,  bisect  the  perspective  scale,  as  shown. 

Draw  a  horizontal  line  through  a  and  measure,  as  in  previous 
exercises,  the  widths  of  the  five  front  blocks,  as  well  as  the 
height  of  the  middle  one,  with  the  perspective  foot  he.  The 
height  of  the  other  blocks  is  half  of  he. 

Join  the  top  corners  d  and  c  of  the  left-hand  block  to  C.V., 
and  measure  five  receding  feet,  as  shown,  by  means  of  the  P.D. 

The  student  should  be  able  to  determine  the  position  of  the 
successive  tiers  of  blocks  from  the  construction  shown,  i.e.  by 
erecting  a  perpendicular  at  d,  and  setting  off  upon  it  the  points 
F,  G,  H,  etc.,  at  intervals  of  feet  and  half-feet,  as  required,  using 
the  perspective  foot  he.  Lines  drawn  from  these  points  to  P.D. 
give  the  corresponding  points/,  g,  h,  etc. 
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The  tops  of  the  blocks  A,  B,  etc.,  are  too  narrow  to  allow  us 
to  construct  with  accuracy  the  receding  widths  of  the  blocks 
resting  upon  them.  In  such  a  case  it  is  advisable  to  construct 
what  is  called  a  floating  plane,  which  we  do  in  the  following 
manner : — 

Produce  the  perpendiculars  at  f/  and  n  to  any  convenient 
height,  and  join  them  by  the  horizontal  line  pQ^.  Join  'p  and  q 
to  C.V.,  and  draw  a  line  from  p)  to  P.I).  to  meet  the  receding 
line  from  q  in  r.  Draw  the  horizontal  line  rs.  Then  jiqrs  forms 
a  floating  plane,  i.e.  a  horizontal  plane  suspended  in  mid- air. 
This  plane  could  have  been  constructed  below  the  G.P.  if  such 
a  position  had  been  more  convenient. 

The  picture  line  [40]  for  this  plane  may  be  determined  by 
finding  first  where  a  vertical  plane  containing  the  line  ps  will 
meet  the  P.P. ;  such  a  plane  will  intersect  the  G.P.  in  the  line 
EP,  the  construction  for  which  is  shown,  and  the  G.L.  in  P. 
Let  a  perpendicular  be  drawn  from  P  to  meet  sp  produced  in 
P' ;  then  the  line  PP'  is  the  intersection  of  the  vertical  plane 
with  the  P.P.  :  hence  the  horizontal  line  P'Q  is  the  picture  line 
required. 

ISet  off />/  and  qu,  each  equal  to  half  of  rfli.  Join  them  to  C.\., 
and  where  they  meet  the  diagonal  pr,  draw  horizontal  lines,  as 
shown  ;  by  drawing  perpendiculars  from  the  several  points 
obtained,  we  determine  the  receding  widths  of  the  blocks 
required. 

The  positions  of  the  vertices  of  the  pyramids  are  found  by 
drawing  the  diagonals  of  the  perspective  squares  in  the  floating 
plane,  and  letting  fall  perpendiculars  from  their  centres,  as  shown 
at  V  for  example.  To  find  the  height  of  this  point,  draw  the 
perpendicular  XV  equal  to  twice  MX,  and  draw  a  line  from  V 
to  P.D. 

The  construction  for  finding  the  small  gables  at  the  top  of 
the  model  is  shown  in  the  upper, supplementary  drawing.  First 
draw  the  gable  in  front  to  the  dimensions  shown.  jNIark  off 
divisions  on  CE  equal  to  those  on  CD.     Join  EG'.     Draw  lines 
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from  the  points  on  CE  to  C.V.  to  meet  P]G',  and  erect  perpen- 
diculars, as  shown. 

The  lower  supplementary  drawing  sliows  how  a  Gothic  arch 
is  drawn  in  perspective ;  the  same  principle  could  be  applied  to 
arches  of  any  form. 

First  draw  half  of  the  front  arch  geometrically.  Divide  ST 
into  any  number  of  eipial  parts,  three  for  instance,  and  draw 
perpendiculars  from  them  to  meet  the  arch.  Draw  horizontal 
lines  from  these  points. 

Determine  the  points  U  and  Y  by  means  of  a  floating  plane, 
as  already  described. 

Set  off  on  UO  six  equal  divisions,  any  size,  and  join  OY. 
Draw  lines  from  the  divisions  on  UO  to  C.Y.  to  meet  this  line, 
and  then  erect  perpendiculars  to  meet  the  horizontal  lines  drawn 
to  C.Y.,  as  shown. 

Fig.  81  represents,  in  angular  perspective,  a  model  whose 
front  forms  an  angle  of  40"  on  the  right  with  the  P.P.  It  is 
built  of  blocks,  the  principal  dimensions  of  which  are  1  foot  and 
2  feet. 

This  model  shows  how  the  receding  widths  of  the  blocks 
may  be  measured  without  using  the  ordinary  measuring  points. 
The  point  a  is  2'  from  the  P.P.,  and  2'  to  the  spectator's  left. 

Distance  of  P.P.  =  15'.     Height  of  cj/e  =  4:1'.     Scale  I"  =  V. 

Determine,  by  means  of  a  J  station  point  (I'rob.  13),  the 
J  D.P.,  Y.P.'s,  and  point  a. 

In  any  convenient  position  on  the  G.L.,  take  l)  and  draw  hd 
and  he,  eacli  1  foot  in  length,  at  the  required  angles  with  the 
G.L.  Draw  lines  from  c  and  cl  perpendicular  to  the  (i.L.  Then 
hf  is  t\\&  pictii.re  size  length  of  a  foot  {i.e.  the  length  in  the  I\P.) 
receding  to  the  right,  and  he  of  one  receding  to  the  left. 

Produce  a  line  from  C.Y.  through  a  to  meet  the  G.L.  in  g.  Set 
off  gh  =  eh,  and  draw  a  line  from  7i  to  C.V.,  meeting  a  line  from 
Y.T.  through  a  in  H.  Join  H  to  Y.P.'  Set  off  hj=hf,  and 
draw  a  line  from/  to  C.Y.  to  meet  the  receding  line  from  H 
in  J.     Find  all  the  other  receding  widths  in  a  similar  manner. 
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The  smaller  arches  are  2'  wide,  and  the  larger  arch  4'  wide. 
The  widths  on  the  extreme  right  can  be  found  without  going 
beyond  the  limits  of  our  picture,  as  follows  : — • 

Having    drawn   lines    from    in    and   n    to    C.Y.,   draw    any 
liorizontal  line  or.     Set  off  o^'  the  required  number  of  times  on 


Fig.  81 

this  line  and  draw  lines  from  tlie  points  thus  found  to  Q.\., 
meeting  the  receding  line  from  H.  Find  the  widths  on  tlie 
left-hand  side  of  the  model  in  a  similar  manner. 

Draw  a  perpendicular  at  a,  and  lind  the  height  a>i  from  the 
line  of  heights  qr  [48].  Set  off  the  rei^uired  dimensions  on  as 
produced,  and  join  the  points  thus  found  to  the  A'.P.'s. 

In  a  supplementary  drawing  with  radii  equal  to  as  and  st 
respectively,  describe  two  concentric  quadrants,  and  determine 
where   the   diagonal   of   the   square    containing  them   will    cut 


VI  MODELS  FOR  PRACTICE  in 

the  arcs,  as  shown.  Draw  the  necessary  lines  for  constructing 
the  arches  in  perspective  (Prob.  27),  and  set  off  tc  =  T\,  and 
tw  =  T\Y.  Draw  lines  from  v  and  w  to  V.P.'  and  V.P.,  to  meet 
the  diagonals,  and  draw  the  arches,  as  shown. 

The  position  of  block  K  is  determined  by  drawing  perpen- 
diculars from  the  points  z,  x,  and  y. 

Draw  the  square  OPQE  in  a  floating  plane,  at  any  con- 
venient height,  and  draw  diagonals  to  it.     See  Fig.  80. 

There  is  a  horizontal  margin  of  half  a  foot  surrounding  the 
uppermost  block  N  ;  this  could  be  found  as  follows :  Bisect  AS 
in  B.  Join  BC  and  produce  the  line  to  G.  Bisect  DC  in  E,  and 
draw  a  line  from  E  to  V.P.'  to  meet  CG  in  F.  As  DG  is  one  foot, 
EF  is  equal  to  half  a  foot.  Draw  a  perpendicular  from  F  to 
.meet  the  floating  plane  in  L,  Draw  a  line  from  L  to  V.P.  to 
meet  the  diagonals  of  the  floating  square.  Complete  the  inner 
square,  as  shown.  Draw  perpendiculars  from  the  corners  of  this 
square  and  complete  the  block  N. 

Fig.  82  .sliows  how  the  perspective  position  of  a  model  can, 
if  necessary,  be  drawn  without  using  the  G.P. 

The  block  A  is  5'  x  5'  x  1',  B  is  4'  x  4'  x  1',  and  tlie  cylin- 
drical blocks  are  4'  in  diameter  and  16"  in  length. 

The  point  a,  the  middle  point  of  of,  is  2'  from  the  P.P.,  4'  to 
the  spectator's  right,  and  5'  above  the  level  of  the  eye. 

Distance  of  P.P.  =  12'.     Scale  |"  =  1'. 

Find  the  H.L.,  C.V.,  and  |  D.P.  (Prob.  10).  ^ 

Draw  a  perpendicular  at  C.V.  and  find  b,  5'  above  H.L. 
Draw  the  horizontal  line  he,  4'  long.  Set  off  cd  =  1',  and  draw  a 
line  from  d  to  h  D.P.  to  meet  a  line  from  r,  drawn  to  C.A^.,  in 
a.  Draw  a  horizontal  line  through  a,  and  a  line  from  d  to  C.V., 
meeting  it  in  e.  Set  off  f//and  ao,  each  equal  to  twice  ae.  Make 
yi/  =  (/c,  and  complete  the  front  of  B. 

Bisect  Ig  in  h,  and  draw  a  line  from  h  to  A  D.P.  to  meet  a 
line  from  g  to  C.V.  in  /.  Complete  the  underside  of  B,  and  draw 
the  diagonals,  etc.,  as  shown. 

Witli  radius  equal  to  Id,  draw  a  quadrant  as  a  supplementaiy 
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drawing.  Construct  the  square  with  diagonal,  etc.,  as  shown,  and 
find  N.  Set  off  gl'  and  Ja,  each  equal  to  LX,  and  draw  lines 
from  Ic  and  /'  to  C.V.,  meeting  tlie  diagonals,  as  shown,  and  draw 
the  circle  in  perspective  (Prob.  25). 

Draw  perpendiculars  from  each  point  marked  on  the  circle 
to   meet  the    H.L.,  and   divide   each   perpendicular  into   three 
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equal  parts.  iJraw  fair  curves  througli  the  points  thus  found, 
as  shown. 

The  block  A  projects  half  a  foot  beyond  the  block  B.  Produce 
of,  and  set  off/g*  and  op,  each  equal  to  half  oifg,  and  draw  lines 
from  C.V.  through  7*  and  q^.  Draw  the  diagonal  ,s/',  and  produce 
it  to  meet  the  lines  through  p  and  qinu  and  f.  Draw  horizontal 
lines  from  t  and  u  to  complete  the  underside  of  block  A.  Draw 
perpendiculars  at  the  front  corners,  x  and  t,  each  equal  to  vw, 
and  complete  the  block,  as  shown. 

Fig.   83  represents   a  doorway  with    steps.     The    ^jrincijial 
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dimensions  of  the  blocks  are  2',  1',  and  h' ;  the  carpet  is  2'  wide. 
The  working  points  are  found  by  means  of  J  station  point  (Prob. 
13).  The  horizontal  lines  recede  at  angles  with  the  P.P.  of  50' 
on  the  right  and  40  on  the  left.  The  point  a  is  3'  from  the 
P.P.  and  2'  to  the  spectator's  left. 

Distance  of  P.P.  =  9'.     Height  of  eye  =  4'.     Scale  A"  =  1'. 


Y\K-  S3 


This  model  is  a  development  of  Prob.  13,  and  two  methods 
of  finding  the  receding  -widths  have  been  shown,  as  explained 
in  that  problem. 

The  edges  of  the  sloping  surfaces  C  and  D  are  found  as 
follows  :  Let  C  intersect  block  A  half  a  foot  from  its  front,  and 
block  E  a  quarter  of  its  height  from  the  top,  and  their  edges 
may  easily  be  drawn.     If  these  edges  were  produced  they  would, 

I 
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sinci  they  all  lie  in  vertical  planes  parallel  to  one  side  of  the 
model,  meet  in  an  A.Y.P.  [39],  on  the  perpendicular  drawn  at 
the  Y.P. 

The  block  B  is  half  a  foot  vide.  This  width  could  be  deter- 
mined as  follows :  Join  cc  by  a  line  cutting  the  top  of  the  step 
in/,  and  join/  to  Y.P. 

To  find  the  centre  A-  at  the  top  of  the  doorway,  make 
yh  =  gli,  and  join  nh. 

EXEPCISES 

Practice 

1.  Draw  the  model  (Fig.  81)  in  parallel  persijective,  using  a 
half -distance  point  (Prob.  10).  Its  shorter  side  to  be  parallel  to  the 
P.P.,  and  the  point  H  to  be  3'  from  the  G.L.  and  4'  to  spectator's  left. 

Distance  of  P.P.  =  1 6'.     Height  of  eye  =  4'.     Scale  f "  =1'. 

2.  Draw  the  model  (Fig.  82)  in  angular  perspective.  The  line 
///  is  to  recede  to  the  right  at  an  angle  of  36"  with  the  P.P.,  and 
the  point  I  is  to  be  4'  above  the  level  of  the  eye,  3'  from  the 
P.P.,  and  2'  to  the  spectator's  left. 

Distance  of  P.P.  =  1 2'.     Scale  h"  =  1 '. 

3.  Draw  the  model  (Fig.  83)  in  parallel  perspective,  using  a 
half-distance  point  (Prob.  10).  The  edges  of  the  steps  are  to  be 
parallel  to  the  picture.  The  point  a  is  to  be  3'  from  the  G.L.  and 
2'  to  spectator's  right. 

Distance  of  P.P.  =  1 4'.      Height  of  ei/e  =  5'.      Scale  1 "  =1'. 

4.  Draw  the  model  (Fig.  80)  in  angular  perspective,  using  a 
half-station  point  (Prob.  13).  The  right-hand  side  of  the  model  is 
to  recede  to  the  right  at  an  angle  of  40'  with  the  P.P.  The  point 
c  is  to  be  2'  from  the  G.L.  and  3'  to  spectator's  left. 

Distance  of  P.P.  =  1 2'.      Height  of  ei/e  =5'.     Scale  f "  =1'. 

Theory 

1.  "What  is  a  floating  plane?     Explain  its  use  (p.  108). 

2.  "What  do  you  understand  b}"  the  folloAving  phi-ase  —  "The 
picture  length  of  a  receding  foot"  (p.  109)  1 

3.  Why  do  the  perspective  dimensions  of  objects  outside  the 
field  of  vision  ap])ear  exaggerated  ?  Exj^lain  by  means  of  a. 
diagram  (Fig.  34). 


CHAPTEK   VII 

THE    PIRF.CT    METHOD    OF    PERSPECTIVE 

This  method  consists  iu  linding  a  series  of  points  in  perspective 
directly  from  their  known  positions.  The  object  must  be  first 
draM']i,  geometrically,  in  plan  to  show  its  relative  position  with 
reference  to  the  spectator  and  the  picture  plane ;  we  can  then 
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select  suitable  points  and  find  their  corresponding  positions  in 
perspective.  By  joining  these  points  in  accordance  with  the 
plan  we  obtain  a  perspective  view  of  the  object. 

If  the  object  we  wish  to  draw  has  an  elevation,  we  can  deter- 
mine the  perspective  heights  of  the  several  points  according 
to  their  respective  distances,  and  by  joining  them  in  accordance 
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with  the  corresponding  points  in  the  elevation,  wa  can  obtain  a 
perspective  view  of  the  object. 

First  let  us  consider  a  point  on  the  G.P.,  having  therefore 
no  elevation. 

Let  a  (Fig.  84)  represent  the  plan  of  a  point  on  the  G.l*., 
clb  its  distance  to  the  spectator's  right,  and  ha  its  distance  from 
the  P.P. ;  also  let  the  distance  of  P.P.  =  12',  the  height  of  the 
eye  5',  and  the  scale  I"  —  V. 

If  we  assnme  db  to  be  the  G.L.,  5'  above  it  will  give  us  the 
position  of  the  H.L.  ;  a  perpendicular  on  d  will  determine  the 
C.V.,  and  12'  from  C.Y.  along  H.L,  the  P.D. 

Make  he  =  ha.  Join  h  to  C.Y.  and  c  to  P.D.  The  intersection 
of  these  lines  gives  us  a',  the  perspective  of  a. 

We  shall  understand  the  relative  positions  of  these  two 
points  better  if  we  draw  a  cube  in  parallel  perspective  with  its 
edge  CB  at  the  same  level,  and  equal  in  length  to  ch.  As  the 
top  of  the  cube  is  equal  to  its  front,  the  triangle  represented  by 
BCA'  must  be  equal  to  the  triangle  BCA,  and  the  position  of 
the  point,  of  which  A'  is  the  perspective,  must  be  the  same 
distance  from  B  as  the  point  A. 

If  Ave  were  to  join  aa',  and  produce  the  line  to  meet  a  perpen- 
dicular at  C.V.,  their  intersection  would  be  at  the  same  distance 
from  C.V.  as  the  P.D.  is,  i.e.  the  distance  of  spectator  from  P.P.  [23]. 
This  point  is  the  A.Y.P.  for  all  lines  parallel  to  aa,  as  AA' ;  so  we 
could  find  a'  without  using  the  point  c  or  the  P.D.  by  means  of 
this  A.Y.P.  This  method  is  even  more  direct  than  that  already 
described,  although  the  former  method  is  the  one  generally  used. 

Problem  3G 

To  drau-  in  perspective  a  rectangle  on  the  G.P.,  its  plan  being  given. 
Distance  o/P.P.  =  10'.    Heiglit  of  eye  =  o.    Scale  Y  =  !'•    Tig-  85. 

Let  ABCD  be  the  plan  of  the  rectangle.  Draw  lines  from 
each  corner  perpendicular  to  the  G.L.,  and  meeting  it  in  the 
points  A'B'D'C.  With  A'  as  centre  and  radius  A'A,  describe  an 
arc  to  meet  G.L.  in  a.     Draw  lines  from  A'  to  C.Y.,  and  from  a  to 
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IM).,  meeting  in  a.    Find  tlie  other  points  in  a  similar  manner  and 

join  them,  as  shown.     Then  a'h'c'd'  is  the  rectangle  in  perspective. 

If  we  were  to  produce  the  parallel  sides  of  tliis  rectangle  we 


Fig.  85 

should  find,  since  they  are  receding  Iwrizontal  lines  [20],  that 
they  would  meet  in  Y.P.'s  on  the  H.L. 

If  we  were  to  make  a  drawing  of  Fig.  85,  and  crease  tlie 
paper  at  the  G.L,  so  ^ 
that  the  plan  would  lie 
on  a  horizontal  plane, 
and  the  perspective 
drawing  on  a  vertical 
plane,  as  shown  in  Fig. 
86,  stretched  threads 
running  from  the  points 
on  plan  through  the 
corresponding  points  in 
perspective  would  all  meet  at  a  point  E,  the  position  of  the  eye. 
The  threads  would  represent  visual  rays  [9],  the  liorizontal  plane 
the  ground  plane  [2],  and  the  vertical  plane  the  picture  plane  [.">]. 


Fis?.  86 
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Proble>[  37 

To  draw  a  rerjular  lii^jxigon 
in  ijerspcctive  irithovt 
using  the  P.D.,  its  plan 
hcing  given  in  position. 

Distance  of  P.P.  =  10'.  Scale 
Y  =  !'•  Height  of  eye 
=  4'.     Fig.  Sr. 

Let  ABCDEF  be  the 
plan  of  tlie  hexagon  which 
is  supposed  to  be  on  the  Ct.P. 
Draw  a  perpendicular  at 
C.V.  equal  in  length  to  the 
distance  of  spectator  from 
P.P.,  to  find  the  A.V.P. 

Draw  from  the  corners 
of  the  hexagon  lines  per- 
pendicular to  the  G.L.  and 
meeting  it  in  the  points 
A'B'FC'E'l)'.  Draw  lines 
from  these  points  to  C.V. 
Lines  drawn  from  the  points 
in  plan  to  A.Y.P.  will  inter- 
sect the  recedincj  lines  from 
A',  B',  etc.,  in  the  points 
a,  h,  r,  d,  e,  f.  Join  these  points, 
as  shown. 


Problem  38 

To  cleterrninc  the  true  shape  of  an  irregular  plane  fgi' re  from  its 

perspective  representation. 
Distance   of  P.P.  =  10'.       Height    of   ege  =  6'.      Scale    \"  =  1'. 

Fig.  88. 

Let    A'B'C'D'E'F'    be    the  perspective   view   of   the    figure. 
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Draw  lines  from  CX.  through  these  points  to  meet  the  G.L.  in 
the  points  c,  e,  d,f,  ct.  The  points  B'  and  E'  happen  to  be  on  the 
same  line.  Draw  lines  from  P.D.  through  the  same  points  to 
meet  the  G.L.  in  the  points  a'h'fd'ce. 


Tier. 


With  a  as  centre,  and  radius  aa,  describe  an  arc  to  meet  a 
perpendicular  from  a  in  A.  Find  the  other  points  in  a  similar 
manner,  and  join  them,  as  shown. 


Problem  39 

2'wo  rectangular  solids,  A  and  B,  each  6'  X  2'  x  1',  being  given  in 

position  on  plan,  it  is  required  to  draio  the  same  in  perspec- 
tive. 
Distance   of   P.P.  =  11'.      Height   of   eye  =  5'.       Scale   \"  =  V. 
Fig.  89. 

Find  the  positions  of  the  points  c,  d,  h,  g,  e,f,  k,j  on  the  ground 
plane  by  the  method  described  in  Prob.  36. 
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Draw  a  perspective  scale  for  1  foot  (Prob.  5). 

To  determine  the  height  of  the  solid  A'  at  /,  draw  a  hori- 
zontal line  from  /  through  the  perspective  scale  to  obtain  the 
perspective  foot  la.      Draw  the  perpendicular  fo  equal  to   In. 


Fig.  89 

Determine  the  heights  of  the  other  vertical  edges  of  A'  in  a 
similar  manner,  and  complete  the  solid. 

To  determine  the  height  of  the  solid  B',  draw  a  horizontal 
line  from  h  through  the  perspective  scale  to  find  rs.  Draw  a 
perpendicular  at  k,  and  set  off  kp  and  2>9.,  each  equal  to  rs.  Find 
the  other  vertical  edges  of  B'  in  a  similar  manner,  and  complete 
the  solid. 


PROBLEM   40 

To  dravj  a  cylinder  in  perspective  2'  in  heiyht,  its  'jylcn  being  given 
in,  'position. 
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Distance    of   P.P.  =  12'.       Hciglit    of  eye  =  G'.       Scale    \"  =  V. 
Fig.  90. 

Let  ADBE  be  the  plau  of  the  cylinder. 

Draw  the  diameter  DE  at  right  angles  to  the  G.L.,  and  pro- 
duce it  to  meet  the  G.L  in  K.  Join  K  to  C.V.  and  find  the 
points  c,  e,  and  d  (Prob.  36). 

Draw  the  diameter  AB  parallel  to  the  G.L.  and  a  horizontal 

Hk: pp. 


Fig.  90 

line  through  c  Draw  perpendiculars  at  A  and  B  to  meet  the 
G.L.  in  K  and  S.  Draw  lines  from  E  and  S  to  C.Y.  to  meet  the 
horizontal  line  through  c  in  a  and  b. 

Draw  any  number  of  diameters  to  the  circle  which  forms 
the  plan  of  the  cylinder,  and  produce  them  to  meet  the  G.L. 
Take  two  of  them,  e.g.  the  diameters  FG  and  LO,  equally  in- 
clined to  ED  and  meeting  the  G.L.  in  the  points  N  and  P. 
Draw  lines  from  IST  and  P  through  c.  Draw  perpendiculars 
through  FO  and  LG  to  meet  the  G.L.  in  the  points  Q  and  T. 
Draw  lines  from  Q  and  T  to  C.V.,  meeting  the  lines  from  N  and 
P  in  the  points  g,  f  o,  I.     Determine  the  other  points  of  the 
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circle  on  the  G.P.  in  a  similar  manner,  and  draw  a  fair  curve 
through  them. 

To  determine  the  height  of  the  cylinder,  draw  a  perspective 
scale  for  2'  by  setting  off  qr  on  G.L.  =  2',  and  drawing  r  to  C.V. 
Draw  perpendiculars  at  the  points  found  of  the  perspective 
circle,  and  determine  their  proper  heights,  e.g.  to  find  the  height 
of  the  perpendicular  at  d,  draw  a  horizontal  line  from  d  through 
the  perspective  scale  to  find  is,  and  make  du  equal  to  ts.  Find 
the  other  heights  in  a  similar  manner,  and  draw  a  fair  curve 
through  them.     Complete  the  cylinder,  as  shown. 


Fi^.  91 


Problem  -tl 

To  drmv  in  perspective,  from  a  given  ^^^a^i,  a  scroll  V  in  height, 

lying  upon  the  G.P.,  ivith  its  faces  vertical. 
Distance  from    P.P.  =  8'.      Height   of  eye  =  4'.      Scale    J"  =  1'. 

Pier.  91. 


Select  any  number  of  convenient  points  in  the  curve.     We 
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take  only  a  few  in  the  illustration  to  avoid  confusion,  viz. 
A,  B,  C,  D,  E,  F,  G.  Find  the  perspective  positions  of  these 
points  on  tlie  G.l'.  (Prob.  36),  and  draw  a  fair  curve  through 
them. 

Construct  a  perspective  scale  for  1'  (Prob.  5). 

To  determine  the  height  of  the  scroll,  it  is  not  necessary  that 
the  points  we  have  already  found  should  be  used.  It  is  more 
convenient  to  take  as  many  heights  as  we  can  at  the  same 
distance,  c.//.  draw  a  horizontal  line  through  g ;  this  will  meet 
tlie  curve  in  three  points,  viz.  r,  g,  and  another  point  near  c. 
The  perspective  foot  i^q  will  give  the  height  of  the  perpendiculars 
at  these  points.  The  perpendicular  dii  is  equal  to  the  perspec- 
tive foot  lo. 

Find  other  points  in  a  similar  manner,  draw  a  fair  curve 
through  them,  and  complete  the  scroll,  as  shown. 

EXERCISES 

Practice 

Tlie  scale  to  he  used  in  working  all  these  prohlems  is  -J-  inch  to 
1  foot. 

The  eye  is  supposed  to  he,  in  each  case,  14'  distant  from  the  P.P., 
and  5'  above  the  G.P. 

1.  Find  the  position,  in  perspective,  of  a  triangle  formed  by 
three  points,  A,  B,  and  C.  A  is  to  be  2'  from  tlie  G.L.  and  3'  to 
spectator's  left ;  B  is  to  be  4'  from  the  G.L.  and  2'  to  spectator's 
right ;  C  is  to  be  6'  from  the  G.L.  and  5'  to  spectator's  left.  Deter- 
mine from  the  perspective  drawing  a  plan  of  the  triangle. 

2.  Draw  a  square  of  4'  side  lying  on  the  G.P.,  with  its  nearer 
side  receding  to  the  right  at  an  angle  of  30° ;  its  nearest  corner 
being  1'  from  the  G.L.  and  2'  to  spectator's  left.  Determine  from 
its  perspective  position  the  distance  of  the  centre  of  the  square  from 
the  G.L. 

3.  DraAv  the  regular  hexagon  (Fig.  87)  as  a  plan,  with  the 
point  F  r  from  the  G.L.  and  4'  to  spectator's  left,  and  the  side 
FE  forming  an  angle  of  30°  with  the  G.L.  Represent  the  hexagon 
in  perspective  lying  on  the  G.P.,  and  let  it  be  the  base  of  a 
pyramid,  the  axis  of  which  is  C  high.      Complete  the  pyramid. 

A^'ote. — The  sides  of  the  hexagon  (Fig.  87)  are  2'  long. 
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4.  Draw  the  rectangle  (Fig.  85)  as  a  plan,  with  the  point  D 
2'  from  tlie  G.L.  and  5'  to  spectator's  right,  and  the  line  DA 
making  an  angle  of  40^  with  the  G.L.  Draw  the  rectangle  in 
perspective  lying  on  the  G.P.,  and  let  it  represent  one  side  of  an 
equilateral  triangular  prism.      Complete  the  prism. 

Xote. — The  rectangle  (Fig.  85)  is  4'  x  2'. 

Theory 

Xote. — These  questions  refer  to  the  "  direct ""  method  of  perspec- 
tive only. 

1.  What  is  the  direct  method  of  perspective  (p.  115)  ? 

2.  What  relation  has  the  plan  of  the  object,  drawn  below  the 
G.L.,  to  its  perspective  representation  (Fig.  84)  ? 


CHAPTEli   YIII 


SPECIAL    PROBLEMS 


The  problems  in  this  chapter  Avill  be  found  to  be  useful  iu  the 
practical  application  of  perspective. 


PltOBLEM   42 

Tu  ddcnniae,  loithout  v.dnrf  th:  C.V.  or  P.D.,  the  distance  from 
tlie  picture  of  any  'point  the  perspective  position  of  v:Mch  is 
(jiven. 

Distance  ofV.V.  =  11'. 

Before  proceeding  with  the  construction  of  thi^i  problem  we 


Fiir.  9-J 


will  consider  the  principle  governing  a  point  in  perspective 
Fig.  92  is  a  perspective  view  in  which  a  line  AB  is  lying  on 
the  G.P.,  and  the  line  ah  is  its  perspective  representation  on 
the  P.l\ 
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A  visual  ray  from  the  point  A  intersects  the  P.P.  in  the 
point  a,  its  perspective  position.  As  the  line  AG  is  parallel  to 
the  line  CE  (the  direction  of  sight),  the  two  triangles  AGa  and 
ECa  are  similar,  consequently — 

Cfl:«G::EC:AG. 

Again,  a  visual  ray  from  B  intersects  the  P. P.  in  l,  and  as 
the  line  BG'  is  also  parallel  to  the  line  CE,  tlie  triangles  BG'6 
and  EC5  are  also  similar,  therefore — 

Qlj  :  hG' : :  EC  :  BG'. 

Let  the   rectangle  ahQcl  (Fig.  93)  be  the   perspective   re- 


b'-^° 


presentation  of  a  corresponding  area  of  tlie  G.P.,  and  p  the 
perspective  position  of  a  given  point.  The  distance  of  the 
spectator  from  the  P.P.  being  11'.  Join  oQ.  Construct  a  plain 
scale  on  the  line  ah,  with  the  zero  point  on  the  G.L.,  using  any 
unit.  In  this  instance,  the  given  point  (y>)  is  placed  so  as  to  come 
on  the  line  oQ,  in  order  to  simplify  the  comparison  between  it 
and  Fig.  92.  If  it  were  not  on  this  line,  a  horizontal  line  could 
be  drawn  from  it  to  meet  ciQ.  Draw  Ce  parallel  to  ah  and  make 
Qe  =  11'  from  the  scale  on  oh.  Join  ip,  and  produce  the  line  to 
meet  ah  in  P.  Then  aV  (9')  is  the  required  distance  of  the  point. 
"We  will  now  apply  the  principle  illustrated  in  Fig.  92  to 
this  problem.  Draw  a  vertical  line  through^:*  to  meet  the  H.L, 
and  the  G.L.  in  the  points  c  and  g.     Then  c})  :pg  : :  Ce  :  Va. 
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Problem  43 

To  drav)  a  vertical  line  4'  long,  7'  froiii  the  pictwe,  and  4'  to  the 
spectators  rigid,  without  using  the  1*.D.     The  spectator  being 
ir  from  the  P.P. 
Scale  Y'  =  !'•     Fig.  93. 

Assume  C  to  be  the  centre  of  vision.  Set  off  df=  4',  and  join 
/C.  Draw  a  vertical  line  at/,  and  set  off  upon  it /A  =  7',  from 
the  scale  on  ah.  Draw  a  line  from  h  to  e,  intersecting  the  line 
/C  \nj.  Then/ is  the  lower  end  of  the  required  vertical  line, 
for  by  the  principle  illustrated  in  Fig.  92,  Cj:jf:  -.Qe-.hf. 

Produce  fh  and  make  fi  =  4',  using  the  I"  scale.  Join  zC. 
Draw  a  vertical  line  at  /  to  meet  the  line  iC  in  k.  Then  jk  is 
the  required  vertical  line. 


Problem  44 

To  draivfrom  any  given  point  on  a  vertical  line,  lines  converging 
towards  inaccessihle  V.P.'s  of  two  given  horizontal  lines  at 
right  angles  to  one  another.     Fig.  94. 


5Z'V.R< 


Fi.'.  94 


\7&  V.R 


Let  ah  be  the  vertical  line,  ah  and  ac  the  given  horizontal 
lines,  and  d  the  given  point. 
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With  0  as  centre  (the  intersection  of  the  given  vertical  line 
with  the  H.L.),  and  the  distance  of  a  as  radius,  draw  an  arc ;  at 
any  convenient  height  draw  a  horizontal  line  cutting  this  arc  in 
the  points  mlc  and  the  receding  lines  '\w.jn.  Join  m  and  Ic  to  o, 
and  draw  vertical  lines  from  j  and  ii.  With  o  as  centre,  and 
the  distance  of  the  given  point  d  as  radius,  draw  an  arc  to  meet 
the  lines  mo  and  }co  in  the  j)oints  r  and  c[.  Draw  a  horizontal 
line  througli  r(i  to  meet  the  vertical  lines  from  j  and  n  in  the 
points  5  and  t.     Join  ds  and  dt,  which  are  the  required  lines. 

The  construction  for  drawing  lines  from  other  points,  both 
above  and  below  the  H.L.,  is  also  shown  in  the  figure. 

This  problem  could  also  be  worked  by  dividing  the  lines  _;};' 
and  nl  in  the  same  proportion  as  ah  is  divided,  but  the  above 
method  will  be  found  more  convenient  in  practice. 


Problem  45 

1.  The  vanishiivj  parallel  for   one  side    of   a  rectangular    object, 

resting  on  the  G.P.,  heing  given,  to  determine  the  direction  of 
its  other  vanishing  p)aredlel. 

2.  From  a  given  2^oint  p,  to  draw  cc  line  converging  toicards  the 

inaccessible  V.P.     Fig.  95. 

].  Let    SV  be    the    given    vanishing   parallel.       With    any 
C.V.    g 


Fifr.  O: 


convenient  point  a  as  centre,  and  r^S  as   radius,  draw  an  arc 
cutting  SV  in  h.     Join  ha,  and  produce  the  line  to  meet  this  arc 
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in  (/.     Draw  0,  line  from  8,  through  d.      Then  S(^  is  at  right 
angles  to  SV,  and  is  the  vanishing  parallel  required. 

2.  Assume  any  convenient  point, /on  the  vanishing  parallel 
produced,  and  //  on  the  H.L.,  and  join  them ;  also  join  gp  and  7^;. 
In  any  convenient  position  draw  nh  parallel  to  gf.  Draw  lines 
from  n  and  Tc,  respectively  parallel  to  the  lines  gp  and  fp,  meet- 
ing in  11.     Join  2J^i,  which  is  the  line  required. 

Peoblem  46 

To  find  the  M.P.  corresponding  to  an  inaccessible  X.V.from 
the  direction  of  its  vcinishijig  parallel.      Fig.  96. 

Let  Siri  be  the  direction  of  the  vanishing  parallel.     In  anv 


Fig.  96 

convenient  position,  draw  a  horizontal  line  hd.  "With  d  as  centre, 
and  radius  (/S,  draM'  an  arc  to  meet  M  in  e.  Join  St;  and  produce 
it  to  meet  H.L.  in  M,  which  is  the  M.P.  required  [28]. 

Xotc. — The  three  following  problems  refer  to  the  working 
points  for  rectangular  objects  parallel  to  the  ground  plane. 


PROBLEM    47 

The  C.Y.  cnid  Y.P.'s  of  a  p)erspective  dvavAng  heing  given,  deter- 
mine the  station  p)oint,  P.D.,  and  M.P.'s.      Fig.  97 

Note. — In   the  diagrams   accompanying   this,   and    the    two 
following   problems,    the    working   points    that   are    given   are 

K 


I30 


COMPLETE  PERSPECTIVE  COURSE 


enclosed  in  small  circles.  C  represents  the  centre  of  vision  ; 
V  and  V  vanishing  points  ;  M  and  M'  measuring  points  ;  S  the 
station  point ;  and  D  the  point  of  distance. 

Bisect  the  distance  between  Y'   and  Y    in  a.     "Witli  a  as 


Fig.  97 

centre,  and  radius  aY,  draw  a  semicircle.  Draw  a  perpen- 
dicular to  H.L.  at  C,  to  meet  the  semicircle  in  8.  With  C  as 
centre,  and  CS  as  radius,  draw  an  arc  to  meet  H.L.  in  D. 
With  Y'  and  Y  as  centres,  and  Y'S  and  YS  as  radii,  draw  arcs 
to  meet  H.L.  in  M'  and  M. 


Teoblem  48 

The  H.L.,  station  point,  and  one  M.P,  hcing  given,  ddcrviine 
all  the  other  working  ixnnts.     Fig.  98. 

Draw  a  line  from  S,  perpendicular  to  H.L.,  to  find  C.     Join 


Fig.  98 


S  to   M.     Assume  any  point  a  on  H.l>.  as   centre,  and  with 
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radius  "^I,  draw  an  arc  to  meet  SM  in  h.  Joiu  ah.  Draw 
a  line  from  S,  parallel  to  ah,  to  meet  H.L.  in  V.  The  other 
V.P.  can  be  found  by  Prob.  45,  the  remaining  working  points 
by  Prob.  47. 

Proble:m  49 

The  P.l).,  (I lid  a  Y.P.  for  lines  receding  at  an  angle  of  54'  icith 
the  P.P.  to  the  right,  heing  given,  determine  all  the  other 
ivorking  points.     Fig.  90. 

Draw  a  line  through  D  and  Y'  for  the  H.L.     Draw  a  h"ne 

X ^;p)  m'     h.u        c  m {9) 


Fig.  99 

at  Y',  making  an  angle  of  54'  Avith  this  line,  also  one  at  an 
angle  of  45""  at  D.  The  intersection  of  these  lines  will  be  S, 
the  required  station  point.  A  line  from  S,  perpendicular  to 
H.L.,  will  give  C.  The  other  Y.P.  can  be  found  by  Prob.  45, 
the  remaining  working  points  by  Prob.  47. 

Problem  50 

To  determine,  without  using  the  statimi  point,  tlie  Y.P.'s  and 
M.P.'s  for  an  ohject  v:hose  horizontal  lines  make  icith  the 
P.P.  angles  of  30^  on  the  right,  and  60°  on  the  left. 

Distance  of  P.P.  =  S'.  Height  of  eye  =  4'.  Scale  \"  =  1'. 
Pig.  100. 

Find  the  G.L.,  H.L.,  C.Y.,  and  P.D.  (Prob.  4).  Draw  a  per- 
pendicular from  C.Y.,  meeting  tlie  G.L.  in  a.  Set  off  at  a, 
angles  of  60°  and  30°  with  the  G.L.,  as  in  the  tigure. 
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ill  any  convenient  position  draw  a  liorizontal  line  hd.  Draw 
lines  from  h  and  d,  at  right  angles  to  G.L.,  and  meeting  it  in  the 
points  e  and  c.  Then  ccdb  is  a  rectangle.  Draw  lines  from  c  and 
(•  to  C.V.,  with  ('  as  centre,  and  radius  eh,  draw  an  arc  to  meet 
G.L.  in  the  point  /.  Draw  a  line  from  f  to  P.D.,  cutting  the 
receding  line  from  e  in  h'.     Draw  a  horizontal  line  from  //  to 


Fig.  100 

meet  the  receding  line  from  c  in  d'.  Then  ccd'b'  is  a  perspective 
representation  on  the  ground  plane  of  ecdh.  Draw  lines  from 
(f  through  h'  and  d'  to  meet  H.L.,  and  we  get  V.I*,  and  Y.!'.', 
the  vanishing  points  required. 

With  a  as  centre,  and  radius  ab,  draw  an  arc  to  meet  G.L, 
in  B.  Draw  a  line  from  B  through  b'  to  meet  H.L.,  and  we  get 
M.P.     Find  ]\I.r.'  ill  a  similar  manner. 


Problem  51 

Draw,  icitliout  v.sing  cither  the  stcd ion  point  or  M.P.,  a  rectangular 
solid  3'  X  2'  X  1',  resting  with  one  of  its  faces  on  the  G.P.,  its 
longest  edges  receding  to  the  right  at  an  angle  of  30^  and 
its  shortest  edges  verticcd.  Its  nearest  angle  is  to  be  4:'  from 
the  picture,  and  3'  to  spectators  right. 

Distance  from  P.P.  =  8'.  Height  of  eye  =  3'.  Scale  J"  =  1'. 
Fig.  101. 

Find  the  V.P.'s  as  described  in  the  preceding  Prob.     "With 
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(I  as  centre,  and  a  radius  of  one  foot,  draw  an  aie  cutting'  the 
plan  of  the  given  angles  in  h  and  <\  and  the  G.L.  in  d. 

Draw  lines  from  c  and  li,  at  light  angles  to  G.L.,  and  meeting 
it  in  the  points  /  and  (j.     Draw  lines  from  d,  f,  and  (f  to  QN. 

Then  the  receding  lines  drawn  from  d  and  a  form  a  perspec- 
tive scale  for  feet  parallel  to  the   picture,  and   those   from  fa 


Fi-    101 


and  o(j  are  perspective  scales  for  the  picture  size  of  the  I'eet 
receding  respectivel}'  to  the  left  and  right. 

Find  the  position  of  the  nearest  angle  of  the  object  c 
(Prob.  5).     Draw  a  horizontal  line  through  e. 

Draw  the  perpendicular  en  equal  to  M,  and  draw  lines  from 
e  and  a  to  each  V.P. 

Set  off  ep  equal  to  three  times  the  perspective  foot  il\  and 
eo  to  twice  the  perspective  foot//.  Join^:»  and  0  to  C.Y.,  cutting 
the  receding  lines  from  e  in  the  points  /■  and  q.  Draw  per- 
pendicular lines  at  these  points,  and  complete  the  solid  as 
shown. 

AVe  could  also  measure  a  given  length  on  a  receding  line  by 
means  of  the  station  point,  e.g.  to  measure  a  length  of  3'  on  a 
line  receding  from  the  point  a  to  its  Y.P.  (Fig,  102). 

Di-aw  nd  parallel   to   SV  —  the  vanishing  parallel  for  the 


^ 
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receding  line  from  a  —  and  three  times  the  length  of  rf  (the 
perspective  foot  at  the  distance  of  a).  Draw  a  line  from  d  to 
S,  cutting  the  receding  line  from  a  in  I.  Then  al  is  the  length 
required.  The  reason  for  this  will  be  apparent  in  the  following 
Prob.     If  we  measure  the  line  al  in  the  usual  manner,  Ijy  its 


Fig.  102 

M.P.,  we  shall  find  that  its  length  will  coincide  with  that 
already  obtained,  as  shown. 

It  is  possible  to  determine  the  apparent  length  of  a  line  in 
perspective  by  calculation  only.  We  have  shown  in  Fig.  92  the 
principle  governing  a  point  in  perspective  by  similar  triangles. 
On  the  same  principle  we  could  calculate  the  position  of  any 
two  points  on  the  P.P.,  by  joining  which  we  could  obtain  a  line 
in  perspective. 

Let  C  (Fig.  103)  be  the  centre  of  vision,  S  the  station  point 
6'  from  the  P.P.,  and  D  the  point  of  distance,  the  scale  being 

-r  =  i'. 

From  any  point  a  on  the  G.L.  draw  a  line  to  (J.  Measure 
off  a  length  of  2'  on  this  line,  by  setting  off  ac  =  2',  and  drawing 
a  line  from  r  to  D  cutting  the  receding  line  from  a  in  h. 

Then  ac  :  CD  (  =  SO)  : :  ab  :  hC,  and  ch  :hD  ::  ah  :  hC. 

So  if  we  assume  aC  to  =  ea  +  CD,  we  could  divide  it  in  the 
same  proportion,  and  obtain  the  position  of  h  without  the  con- 
struction :    c.ff.  CD  =  6',  and  ca  =  2'  ;    so  CD  +  ca  =  8',  of  which 
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sum  ca  =  \  ;  consequently,  if  we  make  cd-  =  \  of  aC,  we 
determine  the  position  of  a,  the  triangles  ahc  and  Chi)  being 
similar. 

Let  us  draw  a  line,  2  feet  long,  receding  from  any  point  e 
on  the  G.L.,  at  right  angles  to  the  P.P.  Join  cC,  and  assume, 
as  before,  this  line  to  equal  the  length  of  the  line  we  wish  to 


Fig.  103 

draw  +  the  distance  of  the  P.P.  (2'  +  6'  =  8').  Then,  by  making 
('/=  I  of  cC,  we  obtain  the  required  line  ef. 

Draw  a  line  from  D,  through  /,  to  meet  the  G.L.  in  d. 

Then  de  :  CD  : :  (/:/C,  and  df-./B  : :  ef:/C,  . ' .  the  triangle 
def  is  similar  to  the  triangle  DC/! 

The  same  principle  could  be  applied  to  any  V.P.,  as  will  be 
seen  from  the  following : — 

With  S  as  centre,  and  a  radius  =  8',  mark  off  on  the  H.L.  a 
point  V.  Join  SV,  which  is  the  vanishing  parallel  for  all  lines 
drawn  to  V.  From  any  point  7i  on  the  G.L.  draw  a  line  hj, 
2'  long,  parallel  to  SY.  Join  h  to  V,  and  J  to  S,  intersecting 
7tV  in  g.     Then  hj  :  SV  : :  hg  :  r/Y,  and  j[/  :gS  : :  hff  :  g\,  .  • .  the 
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triangle  hjg  is  similar  to  the  triangle  VS^.  "We  know  that 
hj  =  4-  of  S V  +  hj,  so  we  could  have  obtained  the  position  of 
(J  by  making  hg  =  -i  of  hY. 

We  wish  to  draw  a  line  2'  long  from  any  point  Ic  on  the 
G.L.,  and  receding  towards  the  point  Y.  Join  IcX.  As  any  line 
drawn  from  the  G.L.  to  any  Y.P.  on  the  H.L.  may  be  assumed 
to  equal  tlie  length  of  the  vanishing  parallel  +  the  distance  of 
a  given  point  from  the  P.P.,  on  a  line  drawn  to  the  Y.P.,  by 
dividing  kY  in  this  proportion  we  obtain  the  point  /.  Then 
li  is  the  required  line. 

Problem  52 

Draw  in  perspective,  hy  calculation,  a  line  o  long,  lying  on  the 
G.P.,  and  receding  t&ivards  a  given  Y.P.,  its  nearer  end  to 
he  1'  from  the  P.P.  measured  in  the  direction  of  the  given 
line. 

To  simplify  the  construction,  let  us  assume  g  (Pig.  103) 
to  be  the  nearer  end  of  the  required  line,  and  Y  the  given 
Y.P. 

As  the  line  is  to  be  5'  long,  its  farther  end  M-ill  be  7'  from 
the  G.L.,  measured  in  the  direction  of  the  given  line.  The 
length  of  tlie  vanishing  parallel  (8')  +  the  distance  of  the 
farther  end  of  the  line  from  the  G.L,  (7')  =  15'.  So,  if  we 
measure  -^-^  of  the  line  IcX  from  h,  we  obtain  the  farther  end 
of  the  required  line.  Tliis  is  best  done  in  tlie  following 
manner  : — 

Set  oft'  from  h,  on  the  G.L.,  fifteen  equal  divisions  of  any 
convenient  length,  and  join  the  last  point  (?i)  to  Y.  From  the 
end  of  the  seventh  division  from  h  (q)  draw  a  line  parallel 
to  n\,  to  meet  the  line  AY  in  j>.  Then  gp  is  the  required 
line. 

The  triangles  hqp  and  hyiY  are  similar.  Therefore 
hp  -.pY  :  :  hq  :  qn. 
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Problem  53 

The  top  of  a  square  toiver  hring  given  in  'perspective,  vith  the 
position  of  the  H.L.,  determine  the  Y.P.'s,  QX.,  station 
2)oint,  and  the  (aisles  the  sides  of  the  tovrr  form  v:ith  the 
picture.     Fig.  104. 

Let  cab  be  the  top  of  the  tower ;  produce  fd^  and  ae  to  meet  the 


Fig.  104 

H.L.,  to  determine  the  vanishing  points  Y  and  Y'.  Draw  a  line 
from  h  to  Y,  and  from  c  to  Y',  intersecting  in  e.  Join  ae,  and  pro- 
duce the  line  to  H.L.  This  will  determine  the  diagonal  vanishing 
point  d  [43]. 

Bisect  the    line  YY'   in  /.     With  /  as   centre,  and  /Y  as 
radius,  draw  a  circle.     Draw  a  line  at/,  at  right  angles  to  YY' 
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to  meet  the  circumference  of  the  circle  in  X.  l)raw  a  line  from 
X  through  d  to  meet  the  circumference  of  the  circle  in  S. 

S  is  the  station  point,  and  a  line  drawn  from  S  at  right 
angles  to  Y\'  will  give  C,  the  centre  of  vision. 

Tlie  angles  VSX  and  Y'SX  are  equal  because  they  stand 
upon  equal  arcs. 

Draw  a  horizontal  liiie  (DL)  through  S.  Then  YSD  and 
Y'SL  are  the  angles  the  sides  of  the  tower  form  respectively 
with  the  picture. 

PROBLEM!    54 

1.  Let  ab  he  the  jpers'pcctive  diagonal  of  a  square,  lying  on  the 

Gr.P.,  C.V.   the  centre  of  visian,  and  S   the  station  yoint. 
Drav  the  complete  square. 

2.  Determine  the  angles  the  sides  of  the  square  form  v:ifh   the 

picture. 

3.  Assume   the  sides   of  the  square   to   lie   6'   long  and   tliC  scale 

Y  =  l-     Determine  the  jJosition  of  the  G.L. 

4.  Determine  the  true  jyosition  of  the  nearest  angle  of  the  square, 

i.e.  its  distance  from  the  picture  and  its  distance  to  spectator  s 
right  or  left.     Fig.  105. 

N.B. — This  problem  is  the  type  of  an  important  class. 
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1.  Produce  ah  to  meet  H.L.  in  d.     Then  d  is  the  diagonal 
vanishing  point  [43].     Join  d  to  S.     Draw  lines  from  S  at  an 
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angle  of  45'  with  Sc/,  and  produce  them  to  meet  H.L.  in  Y.T. 
and  Y.r.'  Draw  lines  from  a,  and  through  h  to  each  V.P.,  forming 
the  figure  ''(/he,  whicli  will  be  the  perspective  square  required. 

2.  The  lines  drawn  from  S  to  each  V.P.  will  determine  the 
angles  the  sides  of  the  square  form  with  the  picture,  as  explained 
in  the  preceding  Prob. 

:i  Find  the  M.P.'s  (Prob.  47).  Draw  a  line  from  M.P.' 
through  a  to  meet  G.L.  in  fj.  Set  off  6'  on  H.L.  from  M.P.'  to 
find  h.  Draw  a  line  from  //,  parallel  to  the  line  from  M.P.',  to 
a,  meeting  a  line  drawn  from  M.P.'  through  /  in  7^.  Draw  a 
horizontal  line  through  n  for  the  G.L. 

4.  Draw  a  line  from  S,  perpendicular  to  H.L.,  to  find  C.V. 
Witli  C.Y.  as  centre,  and  the  distance  of  S  as  radius,  draw  an 
arc  to  meet  H.L.  in  IM).  Draw  lines  from  P.D.  and  C.V. 
through  a  to  meet  G.L.  in  the  points  j.)  and  0.  Then  oj}  is  the 
distance  of  the  nearest  angle  of  the  square  from  the  picture, 
and  oq  is  its  distance  to  spectator's  left. 

The  perspective  length 
of  a  line,  parallel  to  the 
picture,  is  to  its  actual 
length  as  the  distance  of 
the  picture  is  to  the  real 
distance  of  the  line  from 
the  spectator  :  e.fj.  Let 
AB  (Fig.  106)  represent  a 
line,  P  the  position  of  the  picture,  and  E  the  position  of  the  eye. 

Then,  bv  similar  triangles,  ah  :  AB  : :  EP  :  ED. 


^:=*^ 

E 
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Problem  55 

The  position  in  irliich  the  model  (Fig.  107)  meets  the  G.P.  is 
unhnoum,  hut  the  height  of  ab  is  Icnoicn  to  he  3'.  Determine 
the  distance  of  sh  from  the  picture.    Sccde  Y  —  1'.    Fig.  107. 

Determine  the  position  of  the  centre  of  vision  (C)  (Prob.  53), 
and  the  point  of  distance  (D)  (Prob.  47). 
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Draw  a  perpendicular  through  C,  and  assume  it  to  be  the  edge 
of  the  picture  plane.  Set  up  CE  equal  to  ah,  also  CF  equal  to 
3'  by  the  scale.  Draw  a  line  from  D,  through  E,  to  meet  a 
horizontal  line  from  F  in  G.  Draw  the  vertical  line  GK. 
Then  CK  is  the  distance  required. 

For  CE  :  KG  : :  ]JC  :  DK.  Therefore,  by  the  proposition  first 
proved,  CK  must  be  the  distance  of  ah  from  the  picture. 

The  distance   of  an  object  from  the  eye  being  fixed,  the 


Fig.  107 

scale  of  the  drawing  will  depend  upon  the  position  of  the  P.P. 
So  to  determine  from  the  perspective  the  distance  of  the  real 
object  from  the  picture  we  must  know  the  scale  to  which  the 
drawing  is  made  [50]. 


Pkoblem  56 

The  supplementary  sl'ctch  in  Fig.  108  is  fclc/i  from  the  rieio 
shoivn  in  Fig.  40.  The  small  turret  A  is  knoivn  to  he  4' 
wide.  Determine  its  distance  from  the  spectator,  on  a 
line  at  right  angles  to  the  P.P.,  as  well  as  its  .distance  from 
the  P.P.     Fig.  108. 

Assume  C.Y.  and  P.D.  to  be  respectively  the  centre  of 
vision  and  point  of  distance  of  the  drawing. 

Note. — The  P.D.  would  really  come  beyond  the  limits  of  this 
diagram. 
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Draw  a  vertical  line  from  C.\.,  and  in  any  convenient 
position  on  this  line  draw  ah  at  right  angles  to  it,  and  equal  in 
length  to  the  width  of  the  turret  A  in  sketch. 

I'irst  assume  the  scale  of  the  drawing  to  be  ^L"  =  1'.  Produce 
he  and  make  be  equal  to  4'  of  this  scale.  J3raw  a  perpen- 
dicular from  c  to  meet  a  line  from  C.V.  through  k  in  e.  Draw  a 
horizontal  line  through  e. 

Draw  a  line   from   P.D.   through  h   to   meet    this   liorizontal 


if  fl~~~~>-JZd  P.O. 


line  in  /'.  Then  ///  is  the  distance  of  the  turret  from  the 
spectator  to  this  scale  (52'),  on  a  line  at  riglit  angles  to  the  V.V., 
and  ///its  distance  from  the  picture  (19'). 

AVe  will  now  assume  the  scale  of  the  drawing  to  be  j^jj"  =  1'. 
]\Iake  bd  equal  to  4'  of  this  scale,  and  draw  a  perpendicular 
from  d  to  meet  ae  produced  in  k.  Draw  a  horizontal  line 
through  Ic.  Produce  the  line  from  P.D.  through  h  to  meet  this 
line  in  11. 

Then  i^n  is  its  distance  from  the  sj)ectator  (52')  and  j)i  its 
tlistaucc  from  the  picture  (26'). 

It  will  be  seen  that  although  we  vary  the  scale  the  distance 
of  the  object  from  the  spectator  remains  the  same  (52'j,  so  that 
the  position  of  the  P.P.  determines  the  scale  of  the  drawing. 
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,     Introduction 

XoTE. — The  articles  in  this  chapter  are  numhcred  in  continuation 
of  those  in  Chapter  II. 

The  numerals  in  hrach'cts  refer  to  the  numhered  articles  in 
Cha23ter  II.,  and  continued  in  this  chapter. 

We  have  already  briefly  stated  M'hat  vanishing  lines  [33] 
and  accidental  vanishing  points  are  [39] ; 
we  will  now  go  more  fully  into  the  subject. 
51.  There  may  be  an  infinite  number  of 
vanishing  points  for  lines  forming  the  same 
angle  with  the  picture  plane,  with  the 
exception  of  those  at  an  angle  of  90°. 

All  lines  at  90  with  the  picture  plane 
must  be  parallel  to  one  another,  but  this  is 
not  the  case  with  any  other  angle,  as  will 
be  .seen  from  the  following  illustration. 

Let  S  (Fig.  109)  be  the  station  point,  C 

the  centre  of  vision,  and  aSC  an  angle  of  45°. 

52.  If  we    assume    SC   (the   direction   of  sight)   to  remain 

fixed,  and  S«  to  move  so  as  always  to  make  the  same  angle 

with  SC,  the  line  Sa  would  generate  a  right  cone,  of  which  SC 

would  be  the  axis  ;  consequently,  the  line  Sa  is  called  a  genera- 
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tri,r,  and  since,  evidently,  Sa  will  make  a  constant  angle  of  45° 
with  the  picture  plane  at  every  point  of  its  rotation  round  the 
axis  SC,  so  every  point,  as  h  and  d  in  the  circumference  of  the 
circle  forminji'  the  base  of  the  cone,  is  a  vanishing  point  for  lines 


Fig.  110 


at  45°  with  the  picture  plane  [27].  The  same  principle  applies 
to  every  vanishing  point,  tlie  centre  of  vision  excepted. 

53.  It  will  be  seen  from  this  Fig.  (109)  that  a  line  at  any 
angle  with  the  picture  or  ground  planes  may  be  contained  by 
a  plane  at  right  angles  to  the  picture  plane,  because  it  is  the 
generatrix  of  a  riglit  cone. 

Note. — The  advanced  stage  of  perspective  will  be  more 
easily   understood   if  we  assume   every  vanishing  point  to   be 
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detenniiied  by  the  generatrix  of  a  cone,  the  centre  of  vision,  of 
course,  excepted. 

Fig.  110  shows  a  cube  drawn  in  perspective  in  four  different 
positions  ;  the  outer  circle  of  the  figure  is  the  base  of  a  cone, 
the  generatrix  of  wliich  is  inclined  at  an  angle  of  45^  to  the 
picture  plane.  The  cenire  of  the  circle  (C.Y.)  being  a  point 
opposite  the  spectator's  eye,  a  horizontal  line  through  it  must 
be  the  horizon  line  [18];  the  points  P.D.  and  P.D.'  are  the 
points  of  distance  [23],  and,  being  on  the  horizon  line,  each 
must  be  a  vanishing  point  for  a  certain  series  of  horizontal  lines 
[20]  ;  and  as  they  are  also  on  the  circumference  of  the  circle, 
they  must  be  the  vanishing  points  for  all  horizontal  lines  in- 
clined at  an  angle  of  45"  to  the  picture  plane.  The  diagonals 
of  the  top  of  the  cube  A,  as  w^ell  as  the  receding  lines  of  the 
cube  C,  converge  towards  these  points. 

This  figure  should  be  well  studied,  as  it  illustrates  the 
relation  that  exists  between  vanishing  points  and  vanishing  lines. 

The  culje  A  has  two  faces  parallel  to  the  P.P.,  and  two 
parallel  to  tlie  G.P. 

The  cube  B  has  four  edges  parallel  to  the  G.P.,  but  no  face 
parallel  either  to  the  G.P.  or  to  the  P.P. 

The  cube  C  has  four  faces  vertical,  but  no  face  parallel  to 
the  P.P. 

Tlie  cube  D  has  no  face  parallel  either  to  the  P.P.  or  to  the 
G.P. 

All  four  of  the  cubes  are  so  drawn  as  to  have  some  of  their 
edges  parallel  to  the  picture  plane :  c.j.  A  has  all  its  vertical 
as  well  as  four  of  its  horizontal  edges ;  B  has  its  four  horizontal 
edges  only  ;  C  has  its  four  vertical  edges  only ;  and  D  has  the 
edges  marked  s ;  consequently,  all  these  edges  in  each  cube  are 
drawn,  of  course,  geometrically  parallel  to  each  other  [21]. 

The  vanishing  line  for  the  faces  marked  a  is  the  horizon 
line,  as  they  are  contained  by  horizontal  planes  [35],  and  all 
receding  lines  forming  parts  of  these  faces  must  have  their 
vanishing  points  on  this  line. 
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All  faces  marked  b,  being  in  vertical  planes  perpendicnlar 
to  the  picture  plane,  must  have  a  vanishing  line  at  right 
angles  to  the  horizon  line,  and  passing  through  the  C.V.,  as  EF 

o  'loo  ' 

[34]  ;  and  all  receding  lines  forming  parts  of  these  faces  must 
have  their  vanishing  points  on  this  line  [39].  The  same  prin- 
ciple applies  to  the  following  faces  : — GH  drawn  through  C.V., 
at  right- angles  to  the  nearest  edge  of  the  cube  D,  is  the  vanishing 
line  for  the  face  c;  for  this  face,  being  perpendicular  to  the 
picture  plane,  its  vanishing  line  must  pass  through  the  C.Y.  [o-i]. 
JK  is  the  vanishing  line  for  face  d,  and  L^I  for  face  e.  Since 
both  these  faces  are  at  right  angles  to  the  face  a  of  the  cube 
C,  their  vanishing  lines  must  also  be  at  ri"ht  angles  to  the 
vanishing  line  of  the  face  a,  i.e.  the  horizon  line. 

54.  The  intersections  of  these  vanishing  lines  must  be  the 
vanishing  points  of  the  edges  formed  by  the  intersection  of  the 
corresponding  edges  of  the  cube.  The  same  principle  a]3plles 
to  the  faces  of  the  other  cubes,  e.ff.  ]X0  is  the  vanishing  line  for 
the  face  /,  and  PQ  for  the  face  g,  both  of  which  lines  are  at 
right  angles  to  the  vanishing  line  EF,  and  the  edges  formed  by 
the  intersection  of  pairs  of  faces  of  the  cube  will  converge 
towards  the  points  formed  by  the  intersection  of  the  corre- 
sponding vanishing  lines.  ET  is  the  vanishing  line  for  the  face 
h,  and  UY  for  the  face  k,  both  of  which  lines  are  at  right  angles 
to  the  vanishing  line  GH. 

The  dotted  circle  is  the  field  of  vision  [44]. 
Fig.  110  also  illustrates  all  the  planes  that  occur  in  per- 
spective with  their  vanishing  lines. 

55.  The  front  of  the  cube  A  is  parallel  to  the  picture  plane, 
consequently  it  has  no  vanishing  line. 

The  faces  of  the  cubes  marked  a  are  contained  by  horizontal 
jjlanes,  for  which  the  horizon  line  is  the  vanishing  line  [35]. 

56.  The  faces  marked  h  are  contained  by  vertical  planes  at 
o'ifjJit  angles  to  the  picture  pilane,  the  vanishing  line  for  which  is 
a  vertical  line  through  the  centre  of  vision  [34]. 

57.  The  face  c  of  the  cube  D  is  contained  by  an  inclined 
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plane  at  right    angles   to   the    picture   plane,  consequently   its 
vanishing  line  must  pass  througli  the  centre  of  vision  [34]. 

JSfote. — Planes  inclined  to  the  ground  plane,  and  at  right 
angles  to  tlie  picture  plane,  are  called  inclined  planes. 

58.  The  faces  d  and  e  of  the  cube  C  are  vertical  planes  in- 
clined to  the  ijicture  plane. 

59.  Kotc. — The  vanishing  line  for  a  vertical  plane  is  always 
vertical,  and  must  pass  through  the  vanishing  point  for  any 
horizontal  line  in  that  plane. 

60.  A  plane  parallel  to  the  horizon  line,  such  as  the  plane 
containing  the   face  /  of  the   cube   B,   is   called   an   ascend inr/ 
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plane,  and  a  similar  one  containing  the  face  g,  a  descending 
plane.  Horizontal  lines  in  these  planes  are  always  parallel  to 
the  picture  plane  [38]. 

61.  JV^ote. — The  vanishing  lines  of  all  ascending  and  descend- 
ing  planes  are  horizontal. 

62.  Planes  that  are  parallel  to  neither  a  vertical  line  nor  to 
a  horizontal  line  are  called  oblique  jj/fm«.  The  faces  A  and  /.■ 
of  the  cube  D  are  contained  by  oblique  j^lcfnes. 

63.  Lines  that  are  parallel  neither  to  a  vertical  line  nor  a 
horizontal  line  are  called  oblique  lines,  e.g.  those  converging 
towards  the  points  E,  P,  G,  H. 

"NVe   have    shown   how   the    vanishing   lines    for    ascending 
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and   descending    planes    are    determined    from    given    data    in 
Article  38. 

64.  To  find  the  vanishing  line  for  an  inclined  plane  forming 
an  angle  with  the  ground  jjlane  {e.g.  an  angle  of  36°  on  the  right), 
we  simply  draw  a  line  (V.L.)  through  the  C.V.  at  this  angle 
with  the  horizon  line,  as  shown  in  Fig.  Ill,  and  this  is  the 
vanishing  line  required. 

65.  To  find  the  vanishing  line  for  a  vertical  plane  inclined  to 
the  picture  plane,  at  any  angle  {e.g.  an  angle  of  42°  on  the  left), 
set  off  at  the  station  point  this  angle  with  the  directing  line 
(Fig.  Ill),  and  let  the  bounding  line  of  the  angle  meet  the 
horizon  line  in  V.P.  Draw  a  vertical  line  YH./  through  V.P. 
as  shown.     This  is  the  vanishing  line  required. 

66.  We  have  shown  [53]  that  any  line  may  be  contained  by 


Fig.  112 

a  plane  at  right  angles  to  the  picture  plane,  the  vanishing  line 
of  which  must  pass  through  the  centre  of  vision  [34].  In  a 
similar  manner,  a  line  of  the  same  character  may  be  contained 
by  a  vertical  plane,  the  vanishing  line  for  which  is  vertical  [59]. 
The  three  lines  AB,  DE,  and  FG  (Fig.  112),  may  be  assumed 
to  be  the  generatrices  of  three  cones  having  a  common  base  in 
the  dotted  circle.  It  is  evident  that  these  three  generatrices 
must  form  different  angles  with  the  ground  plane,  because  they 
are  each  at  the  same  distance  from  their  common  axis  on  the 
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ground  plane,  while  the  vertex  of  each  cone  is  at  a  different 
height. 

These  three  generatrices  may  be  contained  by  vertical  planes 
forming  different  angles  with  the  picture  jjlane,  as  shown. 

We  will  take  the  plane  containing  the  diagonal  AB  as  an 
illustration.  The  line  CB  is  the  intersection  of  this  plane  with 
the  ground  plane,  and  if  produced  to  meet  the  horizon  line, 
would  deternune  the  vanishing  point  for  all  lines  parallel  to  it 
[20].  Xow  it  has  been  clearly  shown  [54]  that  the  vanishing 
point  for  lines  common  to  two  planes  must  also  be  the  point  of 
intersection  of  the  vanishing  lines  for  those  planes,  therefore  the 
vanishing  point  for  the  line  CB  must  be  the  point  where  the 
vanishing  line  for  the  plane  containing  the  line  AB  intersects 
the  vanishing  line  for  the  ground  plane,  i.e.  the  horizon  line. 
As  all  receding  vertical  planes  must  have  vertical  vanishing 
lines  [59],  a  vertical  line  draAvn  through  the  vanishing  point  for 
the  line  CB  would  be  the  vanishing  line  of  the  jDlane  containing 
the  line  AB.  The  vanishing  lines  for  the  two  other  planes 
would  be  determined  in  a  similar  manner. 

67.  Accidental  Vanishing  Points. — Eeceding  parallel  lines 
inclined  to  the  ground  plane  will  converge  towards  an  accidental 
raiiishiiir/ 2)oint  ^S9];  these  points  are  found  in  a  similar  manner 
to  ordinary  vanishing  points.  The  following  rule  is  applicable 
to  every  kind  of  vanishing  point : — 

68.  To  determine  the  230sition  of  a  vanishing  2^oi7it  for 
any  given  line,  draw  a  line  ijarallel  to  it  from  the  eye  to  tneet 
the  picture  p?a7ie;  this  line,  draivn  from  the  eye,  is  ccdled  the 
vanishing  parallel  of  the  given  line,  and  its  intersection  with 
the  picture  plane  is  the  vanishing  point  required  [13]. 

69.  Directing  Plane. — When  receding  lines  are  parallel 
to  the  ground  plane,  we  set  off  the  angle  of  their  vanishing 
parallel  [13],  at  the  station  point,  witli  the  directing  line  [31]; 
but  when  they  are  inclined  to  the  ground  plane,  it  is  necessary 
to  assume  a  vertical  plane  passing  through  the  station  point 
parallel   to    the  picture    plane.      Such    a   plane    is    called   the 
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directinfj  plane,  and  is  always  at  right  angles  to  the  direction 
of  sight. 

Fig.  113  is  a  perspective  sketch  showing  the  position  of  the 
directing  plane.     SV  is  the 
generatrix    of   a    cone    [52], 
i.e.     the     vanishing    parallel 
[13]  for  the  required  line. 

Let  us  assume  that  the 
line  SV  (Fig.  113)  is  con- 
tained by  a  plane  at  right 
angles  to  the  picture  plane, 
and  inclined  to  the  ground 
plane  at  an  angle  of  50'  on 

the  left,  and  that  the  line  SV  is  inclined  to  tlie  picture  plane 
at  an  angle  of  G0°. 

We  will  now  detei'mine  the  accidental  vanishing  point  for 

-..  this    line,    as    well    as    the 

vanishing  line  of  the  plane 
containing  it. 

Let  ILL.  (Fig.  114)  be 
the  horizon  line  [18],  S  the 
station  point  [11],  and  C  the 
centre  of  vision  [14].  Set  off 
at  C  an  angle  of  50°  on  the 
left  from  H.L.,  and  draw  a 
line  YL  through  it  [34].  If 
we  refer  to  Fig.  113,  we  shall 
see  that  the  line  CS  must  be 
at  right  angles  to  the  line  YL  ;  so  draw  a  line  from  C  (Fig.  114) 
at  right  angles  to  the  line  YL.  With  C  as  centre,  and  radius 
CS,  draw  an  arc  to  meet  this  line  in  S'.  Kow  CS'  is  the  direction 
of  sight  [15]  "constructed"  on  to  the  picture  plane,  and  as  the 
directing  plane  is  at  rigiit  angles  to  this  line  [69],  draw  a  line 
DP  through  S',  and  at  right  angles  to  S'C,  to  represent  the  edge 
of  this  plane.    Draw  a  line  making  the  angle  required  (60°)  at  S', 
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with  DP,  and  produce  it  to  meet  VL  in  Y.  Then  the  hne  8'V 
is  the  generatrix  of  the  cone  "  constructed  "  on  the  picture  plane. 
We  have,  in  fact,  "rotated"  the  triangle  SCV  (Fig.  113)  on  the 
line  CV  to  coincide  with  the  picture  plane,  as  shown. 

70.  Accidental  Measuring  Points. — Accidental  vanishing 
points,  like  ordinary  vanishing  points,  have  corresponding 
measuring  points  [28],  called  accidental  ineasuring  points,  which 
are  found  by  the  following  general  rule : — 

71.  To  find  tlie  measuring  imint  eurresponding  to  any 
vanishing  pioint,  take  the  distance  of  the  station  point  from  the 
vanishing  2^oi7it,  and  set  it  off  from  the  V.P.  07i  the  vanishing 
line  of  a  plane  containing  the  line  v:e  wish  to  measure. 

So  with  V  as  centre  (Fig.  114),  and  VS'  as  radius,  draw  an 
arc  to  meet  VL  in  M,  the  accidental  measuring  point  required. 

72.  To  show  how  an  accidental  measuring  point  is  used  for 
measuring  a  receding  line,  we  will  refer  to  Fig.  110.  Here  m  is 
the  measuring  point  corresponding  to  the  vanishing  point  H,  and 
is  found  as  just  described.  AVe  wish,  for  example,  to  measure  a 
length  on  tlie  receding  edge  of  the  cube  D,  equal  in  length  to  its 
nearest  edge.  Set  off  this  distance,  as  no,  on  a  line  parallel  to 
the  vanishing  line  of  the  plane  containing  tlie  line  to  be  measured 
(GH),  and  draw  a  line  from  a  to  m,  cutting  the  receding  line 
from  n  in  ^j.     Then  np  is  equal  to  no. 

The  principle  of  these  accidental  measuring  j^oints  is  precisely 
the  same  as  that  governing  the  use  of  ordinary  measuring  points, 
and  fully  described  in  Article  20,  i.e.  they  are  really  the  vanish- 
ing points  for  the  bases  of  isosceles  triangles,  e.g.  np  (Fig.  110)  is 
equal  to  no,  therefore  nop  is  an  isosceles  triangle  of  which  op)  is 
the  base. 

Vanishing  Lines  [33] 

The  following  may  be  taken  as  a  general  rule  for  all  vanish- 
ing lines : — 

73.  To  determine  the  vanishing  line  for  any  receding  plane, 
assume  a  plane  iiarallel  to  it  to  pass  from   the  station  jioint  to 
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meet  the  picture  plane ;  its  intersection  with  the  jncture  j^l^ne 
is  the  ranishinfj  line  required. 

Let  AHLV  (Fig.  115)  represent  a  plane  parallel  to  a  given 
plane — called  an  oriijinal  jj»/fif7tf — 
passing  through  the  station  point,  and 
meeting  the  picture  plane  in  the  line 
VL.  This  line  VL  is  the  vanishing 
line  for  all  planes  parallel  to  the  plane 
ABLY. 

74.  Assume  this  plane  to  be  in 
contact  ^vitll  a  cone,  the  vertex  of 
which  is  the  station  point  (S).  In 
this  position  it  is  called  a  fangcnt 
plane  to  the  cone,  and  they  touch  each 
other  in  a  straight  line  (SG),  called  the  line  of  contact. 
dra-'-vn  from  C  to  meet  VL  at  right  angles  will  always  meet  it 
in  the  same  point  as  the  line  of  contact. 

75.  The  line  of  contact  may  be  taken  as  the  generatrix  of 
the  cone,  and  is  a  similar  line  to  SV, 
illustrated  in  Figs.  113  and  114,  and  by  its 
means  we  can  determine  the  angle  the  oblique 
plane  forms  with  the  picture  plane,  e.g.  let 
S  (Fig.  IIG)  be  the  station  point,  PI.L.  the 
horizon  line,  and  Y.L.  the  vanishing  line. 
Draw  a  line  from  8  at  right  angles  to  H.L. 
to  find  the  centre  of  vision  (C).  Draw  a  line 
from  C  at  right  angles  to  V.L.  meeting  it  in 
G.     With   C   as   centre,   and  CG  as  radius, 

draw  an  ai'c  to  meet  H.L.  in  g.  Join  ^S,  which  is  a  generatrix 
of  the  cone.  Draw  DP  through  S  parallel  to  H.L.  for  the 
directing  plane  [69].  Then  ^SD  is  the  angle  the  oblique  plane 
forms  with  the  picture  plane.  This  construction  is  also  shown 
in  the  perspective  sketch  (Fig.  115). 

76.  The  plane  ahcd  (Fig.  117)  is  a  vertical  plane  inclined  to 
the  picture  plane  at  an  angle  of  60""  to  the  right;  consequently, 
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V  is  the  vanishing  point  for  its  horizontal  edges  [20]  ;  and  a 
vertical  line  drawn  through  V  is  the  vanishing  line  for  all  planes 
parallel  to  it  [59]. 

77.  Draw  the  diagonal  dh,  and  produce  it  to  meet  this 
vanishing  line  in  A,  wliich  is  the  vanishing  point  for  all  lines 
parallel  to  db  [39]. 

78.  AVe  wish  to  determine  the  angle  the  line  dh  forms  with 


Fig.  117 

the  ground  plane.  First  determine  the  measuring  point  corre- 
sponding to  V,  as  M'  [28].  Join  A  to  M'.  Then  AM'V  is  the 
angle  required  ;  because,  if  we  assume  the  right-angled  triangle 
AM'V  to  be  contained  by  a  vertical  plane  on  the  line  SV,  and 
rotate  it  on  the  edge  VA,  from  coincidence  with  the  right- 
angled  triangle  ASV,  till  it  coincides  with  the  triangle  A]\I'V' 
on  the  picture  plane,  the  line  J\IA  represents  for  the  line  dh 
the  vanishing  parallel  "  constructed  "  on  tlie  picture  plane,  in  a 
similar  manner  to  the  line  S'Y  in  Fig.  114. 
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79.  Let  efgli  be  an  oblique  plane  at  right  angles  to  the  plane 
ahcd,  and  let  dh  be  the  line  in  Mliicli  they  intersect.  If  these 
planes  are  at  right  angles  to  each  other,  their  lines  of  intersec- 
tion "with  the  ground  plane  must  also  be  at  right  angles  to 
each  other  ;  so  the  line  gli  must  be  inclined  to  the  picture  plane 
at  an  angle  of  30",  and,  being  horizontal,  must  have  its  vanishing 
point  at  Y. 

80.  We  have  now  the  vanishing  points  for  two  lines  con- 
tained by  the  plane  efgh,  viz.  A  and  Y,  by  joining  which  we 
obtain  the  vanishing  line  for  the  plane.  The  point  A  is  called 
the  vanishing  point  of  the  inclination  of  the  plane  efgh. 

81.  To  determine  the  angle  this  plane  forms  with  the 
picture  plane,  draw  a  line  from  C  at  right  angles  to  its  vanishing 
line,  meeting  it  in  the  point  B.  Draw  Qs  at  right  angles  to  CB 
and  equal  in  length  to  CS.  Join  sB.  Draw  d}}  at  right  angles  to 
Cs.    Then  Bsr^  is  the  angle  the  plane  forms  with  the  picture  plane. 

The  line  sB  can  either  be  taken  as  the  generatrix  of  a  cone 
(tangential  to  the  oblique  plane)  "  constructed "  on  the  picture 
plane,  as  shown  in  Fig.  114,  or  it  may  be  taken  as  the  line  of 
intersection  between  the  oblique  plane  and  a  plane  at  right 
angles  to  it,  passing  through  the  centre  of  vision,  also  "con- 
structed "  on  the  picture  plane.  The  student  should  compare 
the  construction  for  finding  this  line  with  that  for  the  line  8'Y 
(Fig.  114) ;  and  also  that  for  the  line  Srjr  (Fig,  IIG). 

It  will  be  seen  that  the  points  Y  and  A  are  the  vanishing 
points  for  lines  at  right  angles  to  each  other,  viz.  the  lines  gli 
and  gf.  "We  Avill  now  determine  the  accidental  measuring  points 
corresponding  to  these  vanishing  points. 

82.  With  B  as  centre,  and  radius  equal  to  Bs,  draw  an  arc 
to  meet  BC  produced  in  s'.  Then  B/  is  the  distance  of  the 
station  point  from  the  vanishing  line  YA,  on  a  line  at  I'ight 
angles  to  it.  AVith  Y  and  A  as  centres,  and  the  distance  of  s 
from  each  point  as  a  radius,  draw  arcs  to  meet  the  vanishing 
line  in  the  points  A.M.P.  and  A.M.P.'  These  are  the  accidental 
measuring  points  required. 
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83.  Let  us  now  determine  the  length  gh  on  a  line  parallel  to 
the  picture  plane  at  the  distance  of  g.  Draw  a  line  from  its 
measuring  point  M,  through  li,  to  meet  a  horizontal  line  from  g 
in  n.  Then  gn  is  the  length  required.  Suppose  we  wish  to 
measure  the  length  gh  by  means  of  the  accidental  measuring 
point  (A.M.P.),  on  tlie  line  gh  ;  draw  a  line  gn'  =gn.  parallel  to 
the  vanishing  line  VA,  and  dra\v  a  line  from  n  to  A.jM.P.  This 
will  be  found  to  meet  gh  in  h. 

84.  Teaces  of  Planes. — Tlie  line  in  which  a  plane  produced 


yb\f.p. 
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meets  the  ground  plane  is  called  its  horizontal  trace,  and  the 
line  in  which  a  plane  produced  meets  the  picture  plane  is  called 
its  vertical  trace.    Vertical  traces  are  also  coWedi  jyiciure  lines  [40]. 

We  shall  find  the  small  box  we  have  used  in  previous 
illustrations  very  useful  to  illustrate  these  traces.  Place  it  with 
its  lid  slightly  raised,  and  one  of  its  ends  parallel  to  the  picture 
plane,  as  S  (Fig.  118).  The  face  N"  is  contained  by  an  inclined 
plane  [57],  and  if  produced  would  meet  the  ground  plane  in  the 
line  AB  (its  horizontal  trace),  and  the  picture  plane  in  the  line 
EF  (its  vertical  trace). 

Xow  place  the  box  with  one  of  its  ends  on  the  ground  plane, 
so  that  the  lid  is  inclined  to  the  picture  plane  as  M  (Fig.  118). 
In  this  position  M  is  a  vertical  plane  inclined  to  the  picture 
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plane,  IvL  is  its  horizontal  trace,  and  if  the  plane  containing  it 
were  produced  to  meet  the  picture  plane,  JO  would  be  its 
vertical  trace. 

Next  place  it  with  its  Lack  parallel  to  the  picture  plane  as 
S  (Fig.  119).  The  face  X  in  this  position  is  contained  by  an 
ascending  plane,  of  which  AB  is  the  horizontal  trace,  and  EF 
the  vertical  trace. 

Xow  reverse  its  position,  so  that  its  front  is  parallel  to  the 
picture  plane  as  T  (Fig.  119).     In  this  position  the  face  M  is  a 


y& 


^ 


/v 


J^o  c.v  l'. 


Fig.  119 


descending  plane,  and  KL  is  the  horizontal  trace,  and  JO  is  the 
vertical  trace  of  a  plane  containing  it. 

Now  place  it  resting  on  the  ground  plane  with  its  sides 
inclined  to  picture  plane,  as  shown  in  Fig.  120.  In  this  position 
the  face  X  is  an  oblique  plane,  AB  is  the  horizontal  trace,  and 
GF  the  vertical  trace  of  a  plane  containing  it. 

85.  There  are  a  few  points  with  reference  to  these  traces  that 
are  deserving  of  attention  :  viz.  Vanishing  lines  of  planes  are 
always  parallel  to  their  vertical  traces,  e.ff.  in  each  of  the  Figs. 
118  and  120,  PQ  is  the  vanishing  line  for  the  plane  N,  and  is 
parallel  to  GF,  its  vertical  trace.  The  vanishing  lines  for  the 
other  planes  are  beyond  the  limits  of  the  picture,  but  they  would 
be  parallel  to  their  vertical  traces. 

In   ascending  and  descending   planes  (Fig.  119)  the  hori- 


i=;6 


COMPLETE  PERSPECTIVE  COURSE 


zoiital  and  vertical  traces  are  parallel  to  each  other ;  in  every 
other  kind  of  receding  plane  the  horizontal  and  vertical  traces 
meet  at  the  ground  line  (see  Figs.  118  and  120). 

86.  Any  plane  drawn  at  right  angles  to  tlie  horizontal  trace 
of  a  plane  will  obviously  give,  by  its  intersection  with  that  plane 
and  the  ground  plane,  the  inclination  of  that  plane  to  the  ground 
plane.  Similarly  ai.y  plane  drawn  at  right  angles  to  the  vertical 
trace  of  a  plane  will  give,  by  its  intersection  with  that  plane 


A 
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and    the    picture  plane,  tlie    inclination  of   that    plane  to    tlie 
picture  plane. 

87.  Centhe  of  A^anishing  Line. — The  vanishing  point  for 
lines  parallel  to  receding  planes,  and  at  right  angles  to  the 
vertical  traces  of  the  planes,  is  called  the  centre  of  the  vanishing 
line ;  because,  as  the  vanishing  line  of  a  plane  is  parallel  to  its 
vertical  trace  [85],  the  line  must  also  be  at  riglit  angles  to  the 
vanishing  line,  e.g.  the  centre  of  vision  is  the  centre  of  the 
vanishing  lines  for  all  planes  at  right  angles  to  tlie  picture 
plane  (see  Fig.  110).  Also  in  Fig.  117,  V  is  called  the  centre 
of  the  vanishing  line  Y'A,  and  B  is  called  the  centre  of  the 
vanishing  line  VA. 

88.  The  centre  of  a  vanishing  line  is  determined  by  drawing 
a  line  from  the  centime  of  vision  to  meet  it  at  right  angles. 
The  vanishing  line  for  the  oblique  plane  (Fig.  117)  has  been 
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determhied  by  joining  the  vanishing  points  (Y  and  A)  of  two 
lines  contained  by  the  j^lane  ;  and  we  have  had  to  assume  a 
vertical  plane  {ahcd)  containing  one  of  these  lines  to  find  one  of 
these  vanishing  points  (A) ;  the  other  line  (%)  is  a  horizontal 


m 
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line  in  the  oblique  plane — its  horizontal  trace.  This  method 
simplifies  the  construction ;  but  it  is  possible  to  find  the  vanishing 
line  for  an  oblique  plane,  if  the  angles  it  forms  with  the  picture 
and  ground  planes  are  given,  without  having  to  find  vanishing 
points  for  lines  contained  by  the  oblique  plane.     Also  in  the 
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vanishing  point  Y  (Fig.  11-4),  determined  by  the  vanishing 
parallel  S'V,  we  have  assumed  the  vanishing  parallel  to  be 
contained  by  a  plane  at  right  angles  to  the  picture  plane,  as 
shown  in  the  perspective  sketch  (Fig.  113).  This  vanishing 
point  could  also  be  found,  if  the  angles  the  line  forms  with  the 
picture  and  ground  planes  were  given ;  but  it  is  advisable  for 
the  student,  iu  the  first  place,  to  work  out  the  problems  given 
for  the  different  planes  as  illustrated  in  this  chapter;  conse- 
quently, we  will  defer  the  explanation  of  this  latter  method. 

Note. — The  nuvibercd  articles  are  continued  in  Chapter  XI. 

Students  desirous  of  putting  their  knowledge  of  perspective 
to  a  practical  test,  should  endeavour  to  work  out  the  following 
exercises  in  connection  with  Fig.  121  : — 

EXERCISES 

Practice 

Note.  —  To  work  out  these  exercises,  the  necessary  lines  should 
he  first  traced  from  the  illustration,  aiuJ  then  transferred  to  a  sheet 
of  paper. 

1.  Determine  the  angle  the  front  of  the  building  forms  with 
the  picture  plane  (Prob.  53). 

2.  Determine  the  position  of  the  centre  of  vision,  and  the 
distance  of  the  picture  plane  (Prob.  53). 

3.  Determine  the  accidental  vanishing  point  for  the  line  AB 
[76  and  77]. 

4.  Determine  the  angle  the  line  AB  forms  with  the  ground 
plane  [78]. 

5.  Determine  the  vanishing  line  for  a  plane  containing  the  lines 
CD  and  EF  [76  and  77]. 

6.  The  height  of  GH  is  known  to  be  30  feet,  and  the  scale  of 
the  drawing  40'=  1",  determine  the  distance  of  the  line  GH  from 
the  picture  plane  (Prob.  55). 

7.  Determine  the  vanishing  line  for  an  oblique  plane  containing 
the  line  AB  [80].  Find  the  angle  this  plane  forms  with  the  picture 
plane  [81];  also  its  angle  of  inclination  to  the  ground  plane  [78]. 

Theory 
1.   In  what  way  does  a  line  making  an  angle  of   90"  with  the 
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P.P.   differ  with  regard  to  its  Y.P.  from  a  line  making  any  otlier 
angle  [51]? 

2.  What  is  the  generatrix  of  a  cone,  and  why  is  it  so  called  [52]  1 

3.  What  is  an  ascending  lAane  [38]  i 

4.  What  is  a  directing  plane  [69]  ? 

5.  What  is  an  ohlique  line  [63]  1 

6.  What  is  a  descending  plane  [38]  ? 

7.  AVhat  is  an  inclined  plane  [57]  1 

8.  What  is  an  ohlique  plane  [62]  ? 

9.  What  are  accidental  vanishing  pnlvts  [39],  and  how  are  they 
found  [67]?  ■  ' 

10.  AVhat   are   accidental   measnring  points  [70]  ;    and    how    are 
they  found  [71]  ? 

11.  What  are  vanishing  lines  [33]?     State  a  general  rule  for 
finding  vanishing  lines  [73]. 

12.  What  are  traces  of  planes  [84]  ? 

13.  What  are  vertical  traces  of  planes;  and  what  other  name  is 
applicable  to  them  [84]  ? 

14.  What  is  a  horizontal  trace  of  a  plane  [84]  ? 

15.  AMiat  is  the  centre  of  vanishing  line  [87]  ? 

16.  A\'liat  is  the  vanishing  point  of  the  inclination  of  a  plane  [80]  1 
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The  followiuff  abbreviations  will  be  used  in  the  succeediuor 
chapters,  in  addition  to  those  given  at  the  comuiencenient  of 
Chap.  III.  — 

D.P.  =  Directing  plane. 
A.]\I.P.  —  Accidental  measuring  point. 
H.T.  =  Horizontal  trace. 
V.T.  =  Vertical  trace. 
C.V.L.  =  Centre  of  vanishing  line. 

Problem  57 

Determine  the  V.L.  for  planes  at  right  anylcs  to  the  P.P.,  and 
inclined  to  the  (1.1*.  at  an  angle  q/"  30°  on  the  right.  Let 
this  he  the  Y.L.  for  the  ends  of  an  equilatercd  triangular 
'prism,  l'  long,  with  sides  4'  ivicle ;  the  lower  left-hand 
corner  of  the  prism  to  rest  on  the  G.P.,  4'  /?'o?n,  the  P.P., 
and  1'  to  the  spectator's  right,  the  right-hand  side  of  the 
prism  to  he  inclined  to  the  P.P.  at  an  angle  of  6o°. 

Distccnce  of  P.P.  =  8'.  Height  of  ege  =  4:'.  Scale  i"=l'. 
Fig.  122. 

Determine  the  G.L.,  H.L.,  C.Y.,  and  perspective  scale,  as  in 
Prob.  5.  Also  the  i  D.P.,  and  the  given  point  of  the  prism  (a), 
as  in  Prol).  10. 
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Draw  through  C.V.  a  line  making  with  H.L.  an  angle  of 
30    on  the  riglit.     This  is  tlie  vanishing  line  required. 

Draw  a  vertical  line  from  C.V.,  8'  long,  to  find  S  (the  station 
point). 

]>raw  a  line  from  C.V,  at  right  angles  to  X.L.,  and  witli 
C.V.  as  centre,  and  the  distance  of  8  as  radius,  draw  an  arc  to 


Fig.  122 

meet  this  line  in  S'.  iJraw  the  line  D.P.  (directing  plane;  at 
right  angles  to  this  line  [69]. 

As  the  prism  is  to  be  equilateral,  and  the  right-hand  side 
is  inclined  at  an  angle  of  65°  with  the  P.P.,  the  left-hand 
side  must  recede  at  an  angle  of  55°  (60° -f  65° -f  55' =  180"). 
Draw  lines  from  S'  making  these  angles  with  D.P.,  and  produce 
them  to  meet  the  V.L.  in  tlie  points  A.V.P.  and  A.V.P.',  the 
accidental  vanishing  points  required. 

With  these  points  as  centres,  and  the  distance  of  each  from 
S'  as  radius,  draw  arcs  to  meet  the  V.L.  in  the  points  A.M.P. 
and  A.M.P.'     These  are  the  accidental  measuring  points  required. 

l)raw  a  horizontal  line  through  a  to  find  the  perspective 

M 
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foot  ac.  Draw  a  Hue  from  a,  parallel  to  V.L.  and  four  times  ac 
in  length,  to  find  h.  Draw  a  line  from  A.iM.P.  through  h  to 
meet  a  line  drawn  from  A. A'. P.  through  a  in  d.  As  the  ends 
of  the  prism  are  at  right  angles  to  the  P.P.,  its  parallel  edges 
must  be  parallel  to  the  P.P. 

Draw  the  line  ac  at  right  angles  to  ah,  and  equal  in  length 
to  ac.  Draw  a  line  from  A.Y.P.  through  e  to  meet  a  line  from 
cl,  parallel  to  ae,  in/. 

Draw  lines  from  the  points  cl  and  /  to  A.V.P.'  Draw  a  line 
from/,  parallel  to  V.L.  and  four  times  fd  in  length,  to  find  y. 
Draw  a  line  from  g  to  A.M.P.'  to  meet  the  receding  line  from/ 
to  A.V.P.'  in  li.  Draw  a  line  from  It  parallel  to  fd  to  meet  the 
receding  line  from  d  in  i.     Join  ch. 

This  problem  illustrates  the  use  of  a  Y,L.  for  inclined  planes. 
The  sides  A  and  B  of  the  prism  are  also  inclined  planes,  and 
their  vanishing  lines  would  be  drawn  through  A.Y.P.  and 
A.V.P.'  at  right  angles  to  Y.L. 

Pkoblem  58 

Let  A  and  X'  he  the  ^J/«?^  and  elevation  of  a  double  cross  draivn 
to  a  sccdc  of  ^"  =  1'.  Draiv  this  cross  in  inrspective,  vnth 
the  ]}oint  B  resting  on  the  G.P.  2'  from  the  P.P.,  and  5' 
to  the  spectators  left.  Tlie  ends  of  the  arms  C  and  D  are 
to  he  in  i^lcmes  at  right  angles  to  the  P.P.,  and  inclined  to 
the  Ct.P.  at  an  angle  of  30°  to  the  left.  The  arms  H  and 
J  are  to  he  parcdlel  to  the  P.P. 

Distance  of  P.P.  =  11'.  Height  of  cye  =  A.y.  Sccde  |-"=1'. 
Fig.  12:1 

To  show  the  working  points  to  this  scale  would  require  a 
sheet  of  paper  about  11"  square,  so  to  overcome  this  difficulty  we 
will  show  how  they  are  found  in  a  supplementary  drawing  to 
a  reduced  scale,  viz.  ^o"  =  1'.  This  method  has  many  advan- 
tages, the  principal  one  being  that  the  working  lines,  points,  etc., 
are  not  likely  to  be  confused  with  the  lines  necessary  for  the 
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construction.  Italics  are  used  for  tlie  names  of  the  ditlerent 
working  points,  etc.,  in  the  supplementary  drawing,  and  capitals 
for  the  corresponding  points,  etc.,  in  the  larger  drawing. 

Draw  a  horizontal  line  h.l.  for  the  horizon  line,  and  assume 
any  point  c.r.  upon  it  for  the  centre  of  vision. 

Draw  a  line  from  c.i\,  at  right  angles  to  li.L,  11'  long,  to  find 
s,  the  station  point. 

Draw  a  line  from  c.r.,  making  an  angle  of  30'  with  h.J.,  and 
produce  the  line  for  the  r.L  Draw  a  line  from  cc,  at  right  angles 
to  V.I.,  IV  long,  to  find  .s',  and  di'aw  the  line  c^p  at  right  angles 
to  it  for  the  directing  plane  [69]. 

It  will  be  seen  from  the  plan  of  the  cross  that  the  receding 
sides  of  the  arms  C  and  D  are  at  an  angle  of  45  with  the  P.l*. 
Draw  lines  making  these  angles  at  s  with  dp,  and  produce  them 
to  meet  r.l.  in  the  points  a.r.p.  and  a.v.p!  Determine  the 
((.m.p).'s  corresponding  to  these  points,  as  in  the  preceding 
problem. 

We  must  now  find  the  Y.L.  for  planes  containing  the  ends 
of  the  arras  H  and  J.  As  these  planes  are  at  right  angles  to 
the  planes  forming  the  ends  of  the  arms  C  and  D,  the  V.L.'s 
must  also  be  at  right  angles  to  each  other;  so  draw  a  line 
through  cv.  at  right  angles  to  v. I.  to  find  v. J.'  This  is  the  Y.L. 
for  a  plane  inclined  at  an  angle  of  60°  with  the  G.P.,  and  at  right 
angles  to  the  P.P.  To  determine  the  position  of  the  station 
point  (s")  and  directing  plane  {cl'p)  in  reference  to  this  V.L., 
draw  a  line  11'  long  from  cv.,  at  right  angles  to  r.L'  This  coin- 
cides with  v.l.  The  receding  sides  of  the  arms  H  and  J  are  also 
inclined  at  angles  of  45°  with  the  P.P.;  so  set  off  these  angles  at 
s"  with  d'p,  and  proceed  as  before  to  find  the  o.r.p.'s,  and  a.ni.p.'s. 

Note. — Any  convenient  scale  may  be  chosen  for  this  supple- 
mentary drawing,  but  it  is  advisable  to  select  one  that  is  an 
aliquot  part  of  the  larger  scale. 

We  will  now  commence  the  larger  drawing. 

Find  the  necessary  working  lines,  points,  etc.,  for  finding 
the  point  h  (Prob.  5). 
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Draw  the  two  V.L.'s  through  C.V.  at  the  same  angles  as 
shown  in  the  supplementary  drawing.  As  the  scale  of  this 
drawing  is  five  times  that  of  the  smaller  drawing,  repeat  the 
distance  of  each  working  point  from  c.v.  five  times  from  C.V.  on 
its  corresponding  Y.L.,  e.ff.  the  distance  between  C.V.  and  A.iM.P.' 
is  five  times  the  distance  between  c.v.  and  a.m.]?.'  A.M.P."  is 
determined  in  a  similar  manner. 

"We  will  now  construct  two  perspective  scales,  viz.  one  from 
the  points  w,  g,  to  represent  the  width  (FM)  of  the  side  of  each 
arm,  and  the  other  from  the  points  e,  g,  to  represent  the  width  (EG) 
of  the  cube  forming  the  centre  of  the  cross. 

DraAV  a  line  hd  parallel  to  A'.L.,  and  equal  in  length  to 
occ.  Draw  a  line  from  A.M.P.'  through  d  tu  meet  a  line  drawn 
from  A.V.P.'  through  I  in/.  Draw  a  line  through /  parallel  to 
V.L.  to  meet  a  line  from  C.V.  through  h  in  It.  Draw  a  hori- 
zontal line  from  li  through  the  perspective  scales.  Draw  a  line 
from  h  parallel  to  the  V.L.',  and  mark  off  upon  it  the  following 
lengths  from  the  perspective  scales:  viz.  ]Ln  =  lh  times  ■?}',  no 
—jpj,  and  Oil  — hit.  Draw  os  at  right  angles  to  no  and  of  the 
same  length.  Join  n,  0,  s,  to  C.V.  Draw  a  horizontal  line 
ot  =  no,  and  draw  a  line  from  (  to  P.D.  to  meet  the  recedins'  line 
from  o  to  ex.  in  //.  Complete  the  cube  forming  the  centre  of 
the  cross,  and  bisect  each  of  its  front  edges.  Draw  lines  from 
these  points  parallel  to  their  corresponding  V.L's.  Draw  a  line 
from  q,  parallel  to  os,  to  find  P.  Then  PT  will  give  us  the  length 
of  the  front  edge  of  each  arm  that  is  parallel  to  the  P.P.  Set 
off  these  lengths  for  the  respective  edges,  and  draw  lines  from 
their  extremities  towards  their  corresponding  A.V.P.'s,  as  shown. 

Produce  Jif  and  set  off  //.•  =  ij.  Join  ^•  to  A.M.P.  to  meet 
the  receding  line  from  /  in  /.  The  points  0  and  X  are  found 
in  a  similar  manner. 

To  determine  the  length  of  the  front  arm,  draw  a  horizontal 
line  via  equal  in  length  to  TP.  Draw  a  line  from  P.D.  through 
w  to  meet  a  line  from  C.V.  through  v  in  v..  Complete  the  cross, 
as  shown. 
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Problem  59 

Draiu  an  equilateral  triamgidar  prism  6'  long,  and  with  each 
face  3'  wide,  lying  on  one  of  its  longer  edges,  with  one  of 
its  faces  inclined  to  the  G.P.  at  an  angle  of  45°.  Its 
longer  edges  are  to  recede  to  the  left  at  an  angle  of  oO° 
with  the  P.P.,  and  the  nearer  end  of  the  edge  on  the  G.P. 
is  to  he  o'  from  the  P.P.  and  -4'  to  the  spectators  right. 

Distance  from  P.P.  =  7'.  Height  (f  rye  =  4/.  Sccde  i"  =  l'. 
Fig.  124. 

As  the  edges  of  the  prism  recede  to  the  left  at  an  angle  of 

JA.M.P.' 


Fig.  12-1 
50°  with  the  P.P.,  the  vertical  planes  containing  its  ends  nuist 
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recede  to  the  right  at  an  angle  of  40°  ;  and  as  the  V.L.  for  such 
planes  must  pass  through  the  V.P.  for  horizontal  lines  in  the 
plane  [59],  first  find  the  V.P.'s  (V.P.  and  V.P.')  for  horizontal 
lines  at  these  angles,  as  well  as  the  point  a  (Prob.  12). 

The  planes  containing  the  ends  of  the  prism  being  vertical 
planes  inclined  to  the  P.P.  at  an  angle  of  40°,  a  vertical  line 
drawn  through  V.P.'  gives  the  V.L.  for  those  planes  [59]. 

The  distance  of  M.P.'  from  V.P.'  being  the  same  as  the 
distance  of  S  from  V.P.',  a  vertical  line  drawn  through  M.P.' 
gives  the  position  of  the  directing  plane  (D'P')  with  reference  to 
the  V.L. 

If  one  side  of  the  prism  is  inclined  to  the  G.P.  at  an  angle 
of  45°,  it  must  also  be  inclined  to  the  vertical  at  the  same 
angle  (45" +45°  =  90") ;  and  as  the  prism  is  equilateral  and 
triangular,  another  side  must  be  inclined  to  the  vertical  at  an 
angle  of  75=  (60=  +  45°  +  75=  =  180'). 

Set  off  these  angles  at  M.P.'  with  the  line  D'P',  and  produce 
the  lines  to  meet  V.L.  in  the  points  A. V.P.  and  A.V.P.'  With 
each  of  tliese  points  as  a  centre,  and  the  distance  of  M.P.'  as 
a  radius,  draw  arcs  to  meet  V.L.  in  the  points  A.]\I4\  and 
A.M.P.' 

Draw  a  line  at  a  parallel  to  V.L,,  and  three  times  lii  in 
length,  to  find  c.  Draw  a  line  from  A.M.P.'  through  c  to  meet 
a  line  drawn  from  A.V.P.'  through  a  in  c. 

Draw  a  line  from  V.P.'  through  a  to  meet  a  vertical  line 
from  e  in/  Draw  a  horizontal  line  from  j  to  find  the  perspec- 
tive foot  In.  Draw  ck  =  three  times  In,  parallel  to  V.L.,  and 
draw  a  line  from  h  to  A.M.P.  to  meet  a  line  from  e  to  A.V.P, 
in  p.     Join  pa. 

Join  c,'p,  and  a  to  V.P.  Set  off  f(/'=six  times  In,  and  join 
/  to  M.P.  to  meet  the  receding  line  from  a  in  h.  Draw  a  line 
from  A.V.P.'  through  h  to  find  fp  Join  q  to  A.V.P.  to  find  r. 
This  completes  the  j)rism. 
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PFvOBLE.M    ()U 

Let  A.  and  B  he  the  front  and  side  elevations  of  an  object  draicn 
to  a  scale  of  i"  =  l'.  Drav:  this  object  in  perspective, 
with  tlie front  in  a  vertical  plane,  inclined,  to  the  P.P„  at 
an  angle  of  -^{i'  on  the  left;  the  side  CD.  to  he  inclined 
to  the  G.P.  at  an  angle  of  42°;  the  corner  C  to  he  o'  from, 
the  P.P.  and  2'  to  spectator s  left. 

Distance  of  P.I'.  =  9'.  Height  of  e)je  =  4t'.  Scale  ^"=1'. 
Fig.  125. 

The   lines   forming   the    perspective    representation   of   this 


Fig.  125 


object  are  drawn  to  V.P.'s  on  a  Y.L,  for  vertical  planes  inclined 
to  the  P.P.  at  an  angle  of  40 '  on  the  left,  and  to  a  V.P.  for  lines 
at  right  angles  to  these  planes. 
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First  determine  the  working  points,  etc.,  by  means  of  a 
supplementary  drawing,  to  a  scale  of  yg"  =  1'. 

If  the  front  of  the  object  is  inclined  to  the  P.P.  at  an  angle 
of  40°  on  the  left,  the  edges  receding  to  the  right  must  he 
inclined  to  the  P.P.  at  an  angle  of  50^ 

Determine  tlie  Y.P.'s,  M.P.'s,  etc.,  for  these  angles  (Prob.  12). 

Draw  a  vertical  line  through  r.^j*.  for  the  v.l.  ;  also  a  vertical 
line  through  m.p.  for  the  directing  plane  (Prob.  59).  As  the  side 
CD  is  inclined  to  the  G.P.  at  an  angle  of  42",  its  angle  of 
inclination  to  the  vertical  must  be  48"  (90° —  42"  =  48"),  and 
tliat  of  each  (if  the  ascending  edges  must  be  42".  Draw  lines 
making  these  angles  at  m.p.  with  d.'p.',  and  produce  them  to  meet 
V.L  in  the  points  a.v.p.  and  a.r.p.'  Determine  the  a.m.p.'B  (Prob. 
59). 

To  commence  the  larger  drawing,  find  the  necessary  working 
points  to  determine  the  point  c  (Prob.  5).  As  the  dimensions 
of  tlie  object  are  multiples  of  a  foot,  construct  a  perspective 
scale  for  one  foot  from  the  points  a  and  h. 

As  the  scale  of  this  drawing  is  five  times  that  of  tlie 
supplementary  drawing,  increase  the  distances  between  the 
working  points  to  this  proportion,  starting  from  C.V. 

Draw  a  vertical  line  at  c,  and  mark  off  upon  it  at  m,  I,  and  e 
three  perspective  feet,  each  equal  to  fg.  Draw  lines  from 
A.]\I.P.  through  these  points  to  meet  a  line  drawn  from  A.V.P. 
in  the  points  n,  0,  d. 

Draw  a  line  from  V.P.  through  c  to  meet  a  vertical  line  from 
d  in  h.  Draw  a  horizontal  line  from  h  to  determine  the 
perspective  iooijl:  Draw  a  vertical  line  at  (/,  three  times  yA"  in 
height,  and  draw  lines  from  each  foot  to  A.M.P.',  meeting  a  line 
drawn  from  d  to  A.V.P.'  in  the  points  shoM'n  on  the  line  dp. 
Draw  lines  from  these  points  to  A.V.P.,  intersecting  lines  drawn 
to  A.A'.P.'  from  the  points  n,  0,  in  the  points  E,  F,  G. 

Draw  lines  from  V.P.'  through  the  points  E,  F,  G.  Draw  a 
vertical  line  from  F  to  meet  the  line  di  in  2-  Draw  a  horizontal 
line   from    ^    to    determine    the    perspective   foot   vs.     Draw   a 
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liorizontal  line  Yt  =  7's.  Draw  a  line  from  M.P.'  through  t  to 
meet  the  line  from  V.P.'  tln'ough  F  in  //.  Draw  lines  from  the 
points  u,  p,  e,  to  their  respective  A.Y.P.'s,  and  complete  the 
front  of  the  object,  as  shown.  The  point  y  is  found  by  drawing 
F-y  =  twice  rs  and  joining  v  to  M.P/ 

Draw  lines  from  the  points  c,  d,  p  to  V.P.'  ]\Iake  cw  =fg, 
and  join  v-  to  j\LP.'  to  meet  the  receding  line  from  c  in  x. 
Complete  the  object,  as  shown. 


Problem  61 

Let  A  and  A'  he  the  'plan  and  elevation  of  an  object  drciiun  to  a. 
scale  of  ^"  =  I'.'  Draw  this  ohject  in  p)^'>'S23cciive  ivith  its 
under  side  inclined  to  the  G.P.  at  aii  angle  of  35°;  tlic 
farthest  lower  corner  of  the  ohject  to  lie  on  the  G.P.  6' 
from  the  P.P.  and  V  to  the  spectator  s  right.  The  longest 
edges  are  to  form  angles  with  the  P.P.  of  40'  on  the  right 
and  50°  07i  the  left  in  a  descending  j^^f^ne. 

Distance  of  P.P.  =  10'.  Height  of  eyc  —  o'.  Scale  -^"  =  1'. 
Fig.  126. 

The  lines  forming  the  perspective  representation  of  this 
object  are  drawn  to  V.P.'s  on  a  V.L.  for  descending  planes,  and 
to  a  V.P.  for  lines  at  right  angles  to  these  planes. 

First  make  a  supplementary  drawing  of  the  M-orking  points, 
etc.,  to  a  scale  of  ^V'  =  1',  as  follows  : — 

Draw  h.L,  and  assume  any  point  on  it  for  c.v.  Find  p.d.  As 
the  distance  o'i  p.d.  from  c.v.  is  the  same- as  that  of  the  spectator 
from  the  P.P.,  draw  a  vertical  line  through  c.v.  and  assume  it 
to  be  the  edge  of  tlie  P.P.  Also  draw  a  vertical  line  through 
p.d.  for  the  edge  of  the  D.P. 

As  the  face  of  the  object  is  inclined  to  the  G.P.  at  an  angle 
of  35°,  its  angle  of  inclination  to  the  P.P.  must  be  55° 
(90°  —  35°  =  55°) ;  and  the  shorter  edges  of  the  object  must  be 
inclined  to  the  P.P.  at  an  angle  of  35  .     Draw  lines  makinsf 
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these  angles  at  p.d.  with  d.j).,  aud  produce  them  to  meet  the 
vertical  line  through  cv.  in  the  points  marked  c.v.I.  (centre  of 
vanishing  line)  and  r/.r.jx"     Then  c.v.I.  must  be  the  level  of  the 


IC.V.L. 


A 


Fig.  126 

V.I.,  and  a.r.p!'  the  V.P.  for  all  lines  at  right  angles  to  the  planes 
that  converge  towards  the  rl. 

Draw  a  horizontal  line  through  c.v.I.  for  the  r.l.  "We  must 
now  determine  the  distance  of  the  station  point  from  the  v.l. 
AVith  c.v.I.  as  centre  and  its  distance  from  p.d.  as  radius,  draw 
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an  arc  to  meet  the  vertical  line  tlirongh  c.i:  in  s.  Draw  a 
horizontal  line  d.'p.'  through  s'  for  the  edge  of  the  directing 
plane.  Draw  lines  making  the  given  angles  at  /  with  rf.'^j.',  and 
produce  them  to  meet  v.l.  for  the  a.v.p.'fy.  Determine  the  corre- 
sponding a:m.2^.'s  (Prob.  59). 

Set  off  the  working  points,  etc.,  for  the  larger  drawing  to 
four  times  the  scale  of  the  supplementary  drawing,  starting 
from  C.V. 

Determine  the  necessary  working  lines,  points,  etc.,  to  find 
tire  point  <'  in  the  larger  drawing  ;  also  a  perspective  scale  for 
one  foot  (Prob.  5). 

Draw  a  horizontal  line  through  a,  and  determine  the  per- 
spective foot  ea.  Set  off  from  a,  ab  =  ea,  he  =  3  times  ea,  and 
cd  =  ca.  Draw  lines  from  A.]\I.P.'  through  the  points  h,  c,  and  d 
to  meet  a  line  drawn  from  A.V.P.'  through  tc  in  the  points 
n,  0,  and  //'.  Find  corresponding  points  on  the  adjacent  side  of 
the  object  in  a  similar  manner,  and  complete  the  under  side  of 
the  object,  as  shown. 

Draw  lines  from  the  points/, y,y,  and  h  to  A.Y.P."  Produce 
the  line  gp  to  meet  the  horizontal  line  through  a  in  /.  Draw 
a  vertical  line  ij=ea.  Draw  a  line  from  A.Y.P.  through  j  to 
meet  a  vertical  line  at  7/  in  k.  Join  h  to  A.M.P.",  meeting  the 
line  from  p  to  A.Y.P."  in  /.  Complete  the  drawing  of  the  object, 
as  shown. 

The  receding  widths  of  this  object  could  also  be  measured 
from  the  Y.T.  (vertical  trace)  of  the  plane  containing  the  under 
side  of  tlie  object,  cjj. — 

Set  off  on  the  G.L.,  BC  =  6'  (the  distance  of  the  point  a 
from  P.P.I  Draw  a  line  at  C  making  an  angle  of  35°  with  G.L., 
and  meeting  the  vertical  line  at  B  in  D.  Draw  a  horizontal  line 
through  D  for  the  Y.T.  Draw  a  line  from  A.M.P.'  through  y 
to  meet  Y.T.  in  s.  Set  off  sr  =  V,  and  draw  r  to  A.M.P.'  to  meet 
the  receding  line  from  g  in  t.  The  other  widths  could  be 
measured  in  a  similar  manner. 
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Pr.OBLEM   62 

Let  A  and  A'  he  the  jAan  and  elevation  of  a  double  cross, 
draivn  to  a  scale  of  ^"  =  1'.  Drato  this  cross  in  perspec- 
tive, with  the  coriur  F  resting  on  the  G.P.,  S^' froin  the 
P.P.  a/id  3'  to  spectator's  right;  the  vpper  surface  of 
the  arms  B,  E,  C,  D  to  he  in  an  ascending  plane  inclined  to 
the  G.P.  at  an  angle  of  42^ ;  the  line  BC  to  form  an 
angle  of  37^,  a,nd  the  line  ED  an  angle  of  53°  ^vith  the 
P.P.  in  the  ascending ptlane. 

Distance  of  P.P.  =  9^'.  Height  of  eye  =  4:'.  Scale  i"  =  1'. 
Fig.  127. 

The  lines  forming  the  perspective  representation  of  this 
object  are  drawn  to  Y.P.'s  on  a  V.L.  for  ascending  planes,  and 
to  a  V.P.  for  lines  at  right  angles  to  these  planes. 

Make  a  supplementary  drawing  of  the  working  points,  etc., 
to  a  scale  of  ^"  =  1'.  The  construction  for  this  is  very  similar 
to  that  for  the  preceding  problem,  the  only  difference  being 
that  the  r.l.  for  the  ascending  plane  is  drawn  through  the 
higtier  a.r.j^-  instead  of  the  lower,  the  preceding  illustratiou 
being  for  a  descending  plane. 

Find  the  G.L.,  H.L.,  and  perspective  scale  for  one  foot,  to  a 
scale  of  V  =  1'.  Set  off  3'  to  the  right  of  the  spectator  to  find 
g.  Set  oft'  3|'  to  tlie  left  of  g,  on  the  G.L.,  to  find  //.  Draw  a 
line  from  h  to  P.D.,  meeting  a  line  from  g  to  C.Y.  in  /'. 

Draw  a  horizontal  line  through  /  to  find  the  perspective 
foot  (/'.  Set  o&fr  =  ij,  rn  and  _^' each  equal  to  twice  ij.  Draw 
a  line  from  A.M.P.'"  through  J  to  meet  a  line  from  A.Y.P.'" 
through/ in  u.  Draw  lines  from  r  and  n  to  A.M.P.'",  meeting 
the  receding  line  from /in  the  points  s  and  t.  Find  the  points 
//,  0,  q  in  a.  similar  manner. 

Draw  a  vertical  line  at  /  and  set  off"  /G  =  twice  ij,  GH  = 
iJ,  and  HJ  =fCT.     Draw  lines  from  A.M.P.  through  the  points 
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J,  H,  Gr  to  meet  a  line  drawn  from  A.Y.P.  through  /"  in  the 
points  N,  L,  K. 


Fi-.  12/ 


Draw  lines  from  A.Y.P."'  through  the  jioiuts  X,  L,  K 
to  meet  lines  drawn  from  A.Y.P.  through  the  points  v,  s,  t  to 
determine   the  points  Z>,  Q,  c.      Find  the  points   c,  P,  d  in   a 
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similar  manner,  and  draw  lines  from  them  to  the  several  V.P.'s 
to  complete  the  cross,  as  shown. 

Proble.m  63 

Let  A  and  A'  he  the  plan  and  elevation  of  an  object  dravjn 
to  a  scale  of  ^"  —V.  Drav:  this  object  in  perspective,  with 
the  edge  BC  restinrj  on  the  G.P.,  and  receding  to  the  left 
at  an  angle  of  50^  vjith  the  P.P;  tlie  corner  C  to  he  3' 
from  the  P.P.  ccnd  2'  to  the  sjJectcctor's  right;  the  surface 
D  to  he  in  a.n  oblique  plane,  inxilined  to  the  G-.P.  at  an 
angle  of  50°.  Shoto  where  the  G.P.  will  intersect  the 
object. 

Distance  of  P.P.  =  14'.  Hciglit  of  eye— 5'.  Scale  |-"=1'. 
Fig.  128. 

The  lines  forming  the  perspective  representation  of  this 
object  are  drawn  to  V.P.'s  on  a  V.L.  for  oblique  planes,  and 
to  a  Y.P.  for  lines  at  right  angles  to  these  planes. 

Make  a  supplementary  drawing  of  the  working  points,  etc., 
to  a  scale  of  ~r"  =  1',  in  the  following  manner  : — 

Draw  any  horizontal  line  h.l.,  and  assume  any  point  on  it  for 
c.v.  Draw  a  line  fromc.r.  at  right  angles  to  h.l.,  14' long,  to  find 
-S'.  Draw  a  horizontal  line  through  s  for  ^/^j.  Draw  a  line  making 
an  angle  of  50''  at  s  with  dp,  and  produce  this  to  meet  h.l.  in  r.p. 
This  is  the  V.P.  for  the  line  CB.  If  the  horizontal  lines  of  the 
object  recede  to  the  left  at  an  angle  of  50""  with  the  P.P.,  planes 
at  right  angles  to  these  lines  will  recede  to  the  right  at  an 
angle  of  40^  Find  the  V.P.  for  horizontal  lines  in  these  planes, 
as  V.J).'  Determine  ni.j).'  Draw  a  vertical  line  thi'ough  v.jx'  for 
the  V.L.  for  vertical  planes  receding  to  the  right  at  an  angle  of 
40°  with  the  P.P.  As  the  distance  of  m.jx'  iToia  v.p.'  is  the 
same  as  the  distance  of  the  station  point  from  it,  draw  a 
vertical  line  through  m.jJ.'  for  the  D.P.,  as  d'p'.  As  the  oblique 
plane  is  inclined  to  the  G.P.  at  an  angle  of  50°,  its  angle  of 
inclination  with  the  vertical  must  be  40°  (90°  —  50°  =  40°).     Set 
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off  this  angle  at  in.p.'  wicli  d'ji',  and  produce  the  line  to  meet  c.I. 
in  a.v.p.  Join  a.v.}).  and  v.^i.  for  c.L'  This  is  the  Y.L.  for  the 
oblique  plane. 

As  the  oblique  plane  is  inclined  to  cl'i^  at  an  angle  of  40~, 


lines  at  right  angles  to  the  oblique  plane  must  be  iucliued  to 
d'p  at  an  angle  of  50°.  Draw  a  line  making  this  angle  at 
m.2J.'  with  (V'p,  and  produce  this  to  meet  r.L  in  a.v.p.'  This 
is  the  Y.F.  for  the  descending  edges  of  the  object.  Find 
(i.m.p.'  corresponding  to  ti.r.p.' 
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"We  must  uow  iiud  the  distance  of  the  station  point  from 
C.I.'  Draw  a  line  through  c.v.  at  right  angles  to  v.l.',  meeting  it 
in  cvJ.  [87].  With  c.v.  as  centre,  and  its  distance  from  c.v.l.  as 
radius,  draw  an  arc  to  meet  h.I.  in  a.  Join  a>i.  Then  os  is  the 
generatrix  of  a  cone  tangential  to  the  oblique  plane  [74],  and  its 
length  is  equal  to  the  distance  of  s  from  c.r.l.  Set  off  from  cc.l. 
on  the  line  passing  through  c.v.,  a  distance  equal  to  as,  to  find 
■s'.  With  r.^A  and  n.v.p.  as  centres,  and  with  their  respective 
distances  from  s  as  radii,  draw  arcs  to  meet  x.L'  in  the  points 
a. III. p.  and  a.m.'p." 

Find  the  necessary  working  points  in  the  larger  drawing  to 
determine  the  point  c,  and  construct  a  perspective  scale  for  1' 
(Prob.  5). 

Set  off  tlie  working  points,  etc.,  for  the  larger  drawing  to 
six  times  the  scale  of  the  supplementary  drawing,  starting  at 
C.Y. 

Draw  a  liorizoutal  line  through  c  to  find  the  perspective  foot 
hd.  Draw  a  line  through  c  parallel  to  Y.L/,  and  set  off  upon 
it,  from  c,  the  following  distances,  \\z.  ce,  cf,  ch,  hi,  each  equal 
to  hd  ;  and  ik,  eg,  each  equal  to  twice  hd.  Draw  lines  from 
A.M.P.  through  the  points  c,  //  to  meet  a  line  drawn  from 
A.Y.P.  through  c  in  n,  1.  Draw  lines  from  the  points  A,  h  to 
A.jM.P.  to  meet  the  receding  line  from  r  in  the  points  <>,  p,  ip 
Determine  similar  points  on  a  line  drawn  from  V.P.  through 
c  by  drawing  lines  from  A.M.P."  through  the  points  j,  h,  e,f,  v: 
to  meet  it  in  the  points  /-,  .s,  t,  u,  v.  These  points,  being  on  a 
horizontal  line,  could  have  been  found  by  means  of  the  'Sl.V. 
corresponding  to  V.P.,  on  the  H.L. 

Draw  a  vertical  line  at  c,  and  set  off  cD  =  twice  Id,  DE  =  hd, 
and  EF  =  ^D.  Draw  lines  from  A.M.P.'  through  F,  E,  D  io 
meet  a  line  drawn  from  A.Y.P.'  through  c  in  the  points  J,  H,  G. 

Draw  lines  from  A.Y.P.'  through  the  points  /,  n,  0,  p',  q  to 
meet  lines  drawn  from  A.A'.P.  through  the  point  H  in  tlie 
points  L,  N,  0,  P,  Q.  Draw  lines  also  from  A.Y.P.'  through 
the  points  r,  .s,  t,  n,  r  to  meet  a  line  drawn  through  H  from 

N 
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Y.P.,  ill  the  points  E,  S,  T,  U,  V.      Complete  the  drawiiiq-,  as 
shown. 

To  determine  where  the  G.P.  intersects  the  lowest  arm  of 
the  object,  draw  a  line  from  V.P.'  through  c  to  meet  the  line 
XL  in  Y,     Draw  a  line  from  Y  to  Y.P.  to  find  the  point  M. 

Pkoble.m  04 

1.  Draw  in  perspective  a  regular  octagon  of  1^'  side,  ivith  one 

of  its  sides  resting  on  the  G.P.,  and  inclined  to  the  P.P. 
at  an  angle  of  50°  to  the  spectators  right;  two  of  its 
sides  to  he  inclined  to  the  G.P.  at  an  angle  of  46^,  and  to 
he  contained  hy  vertical  planes  inclined  to  the  P.P.  at  an 
angle  of  40°  ^o  the  spectator's  left ;  the  nearer  end  of  the 
lotvest  side  to  he  2'  from  the  P.P.  and  2'  to  the  spectators 
left. 

2.  Inscribe  a  circle  in  the  octagon,  and  let  it  form    the  base  of 

a  right  cone,  vnth  an  axis  6'  long. 
.■').   Draw  a  circle  of  the  same  diameter  as  the  base  of  the  cone, 

and  parcdlel  to  it,  so  as  to  form,  a  right  cylinder,  6'  lo7ig. 
Distance    of    P.P.  =  9'.       Height    of    rye  =  5'.       y^cale  ■  -j"  =  1'. 

Fig.  129. 

Make  a  supplementary  drawing  for  finding  the  necessary 
Y.P.'s,  etc.,  for  these  angles,  as  shown,  and  as  already  described 
in  the  preceding  prob.,  to  a  scale  of  ~~"  =  1'. 

Set  off  the  distances  between  these  points  to  six  times 
this  scale  in  the  larger  drawing,  commencing  at  C.Y. 

Construct  a  perspective  scale,  and  find  the  position  of  the 
point  a  (Prob.  5). 

1.  Draw  a  horizontal  line  tlirough  a,  and  in  any  convenient 
position  on  this  line,  and  with  the  perspective  foot  at  this 
distance,  construct  a  regular  octagon  of  1|'  side,  as  shown.  Set 
off  from  a,  on  the  horizontal  line  drawn  through  it,  the  points 
f,  b',  Jc,  at  distances  equal  to  those  between  the  corresponding 
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points  J,  A,  B,  K.  JJra^v  a  line  from  IM.l'/  tlirongh  /  to 
meet  a  line  drawn  from  \.V.'  through  a  in  /  Also  draw 
lines  from  h',  k'  to  M.l'/  to  meet  the  same  line  in  h,  k.  Draw 
a  vertical  line  at  a,  and  mark  off  the  points  /',  n',f'  at  distances 
equal  to  tliose  marked  on  A,  L,  X,  F.  Draw  lines  from  A.M.P, 
through  these  points  to  meet  a  line  dra^yn  from  A.V.P.  through 
a  in  the  points  /,  n,  f.  Draw  lines  through  these  points  to 
Y.P/,  intersecting  lines  drawn  from  A.Y.P.  through  the  points 
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./,  a,  h,  k.  Join  the  extremities  of  these  lines,  as  shown,  to 
complete  the  octagon. 

2.  A  fair  curve  drawn  through  the  middle  of  each  side  of 
the  octagon  will  be  the  circle  required. 

Note. — This  circle  could  be  drawn  by  finding  eight  points  in 
the  circumference,  as  described  in  Prob.  25,  but  it  can  be  more 
accurately  drawn  to  a  circumscribing  octagon,  as  here  shown, 
than  through  eight  points,  as  described  in  the  elementary 
stage. 

Find  the  centre  of  the  circle  (f)  by  drawing  any  two  diagonals 
to  the  octagon  through  opposite  angles,  and  draw  a  line  from  c 
to  A.Y.P.'  for  the  axis  of  the  cone.     Draw  a  vertical  line  from  c. 
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To  find  the  size  of  a  pers^aective  foot  at  the  distance  of  c,  proceed 
in  the  following  manner  : — Draw  a  line  from  c  to  A.V.P.,  meeting 
ab  in  d.  Draw  a  line  from  Y.V.  throngli  /''  to  meet  a  vertical 
line  from  c  in  t:  Draw  a  horizontal  line  through  e  to  find  fjh, 
the  perspective  foot  required.  Set  off  from  c  on  the  vertical  line 
cp  =  six  times  r/h.  Draw  a  line  from  7;  to  A.M.P/  to  meet  the 
axis  in  q.  Draw  lines  from  <],  i'orming  tangents  to  the  base  of 
the  cone. 

3.  Draw  a  line  from  q  to  A.A^.l'.  to  meet  a  line  dra^^"n  from 
d  to  A.V.P.'  in  r.  Draw  a  line  from  Y.P.'  through  r  to  meet 
a  line  drawn  from  J  to  A.A'.P.'  in  s.  Draw  a  line  from  A.Y.I*, 
thron'di  .s  to  meet  a  line  drawn  from  v  to  A.V.P.'  in  t.  Draw 
a  line  from  t  to  V.P.'  to  meet  a  line  drawn  from  v  to  A.V.P.'  in 
■ir.  Draw  lines  from  the  respective  angles  of  the  octagon  to 
A.V.P.',  to  meet  these  lines,  and  join  the  corresponding  angles, 
as  shown,  to  form  another  octagon  ;  inscribe  a  circle  in  this 
octagon,  as  already  described.  Draw  tangents  to  each  circle 
to  complete  the  cylinder. 

This  problem  also  shows  how  a  right  pyramid  in  an  oblique 
position  could  be  constructed  l)y  joining  the  point  q  with  tlie 
angles  of  the  base  ;  also  how  a  regular  prism  in  an  oblique 
position  could  be  constructed  by  joining  the  corresponding  angles 
of  the  two  ends. 

Curves  on  an  oblique  plane  are  drawn  by  first  intersecting 
the  given  curve  by  lines  at  right  angles,  forming  equal  squares, 
as  shown  in  Prob.  34,  and  then  constructing  similar  squares  on 
the  oblique  plane,  and  drawing  the  curve  through  the  correspond- 
ing intersections,  as  described  in  Prob.  34. 

In  Articles  53  and  66  we  have  shown  how  the  positions  of 
lines  inclined  to  both  the  P.P.  and  G.P.  may  be  determined,  by 
assuming  them  to  be  contained  by  a  plane  at  a  given  angle  Avith 
either  the  P.P.  or  G.P. ;  we  will  now  show  how  such  a  line  may 
be  drawn  in  perspective  from  the  given  angles  of  inclination  of 
the  line  itself  with  the  P.P.  and  G.P. 
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Problem  65 

Ihmr  ill  perspective  a  line  ^'  l<niii,recedinij  towards  (he  right, 
and  inclined  to  the  P.T.  at  an  antjh'  of  48',  and  to  the 
G.P.  at  an  angle  of  oA:^ :  the  lower  end  of  the  line  to  meet 
the  G.P.  3' from  the  P.P.  and  o'  to  the  spectator s  right. 

Distance  of  P.P.  =  10'.  Height  of  eijc=o.  Scale  i"  =  1'. 
Fig.  130. 

Find  the  necessary  working  points,  etc.,  and  determine  the 
position  of  the  point  a  (Prob.  5). 

Draw  DP  through  S  parallel  to  TL.L.     Draw  a  line  making 


Fig.  130 

an  angle  of  48°  at  S  with  DP,  and  produce  the  line  to  meet 
H.L.  in  V.  Then  SV  is  tlie  generatrix  of  a  cone  [52].  With 
C  as  centre,  and  radius  CY,  draw  an  arc  to  represent  a  portion 
of  the  base  of  this  cone  on  the  P.P. 

Draw  a  line  at  C,  making,  with  ILL.,  an  angle  of  34°,  and 
])roduce  the  line  to  P',  making  CP' =  8Y.  It  is  evident  that 
P'E  is  the  height  of  one  end  of  the  generatrix  above  the  axis 
of  the  cone,  when  inclined  at   an   angle  of  34°  with   the   G.P. 
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Draw  a  horizontal  line  from  P'  to  meet  the  base  of  the  cone 
in  A."\M^.  Join  C  to  A.V.P.  by  a  line  which  represents  the 
generatrix  of  the  cone  projected  on  the  P.P.,  and  is  therefore 
the  vanishing  parallel  for  the  given  line  [13].  Consequently. 
A.V.P.  is  its  V.P. 

Note. —  If  the  line  were  receding  towards  the  left,  Q  would 
be  its  A.V.P. 

Set  oft'  from  C,  on  CP',  6'  to  find  point  J.  Draw  a  horizontal 
line  from  J  to  meet  the  line  from  C  to  A.V.P.  in  E.  Then  CE 
is  the  picture  length  of  the  given  line  (p.  109).  Produce  a  line 
from  C  through  a  to  meet  G.L.  in  F.  Draw  a  line  from  F 
parallel  and  equal  in  lengtli  to  CE,  as  FG.  Join  G  to  C, 
meeting  a  line  drawn  from  a  to  A.A'.P.  in  l.  Then  ah  is  the 
line  required. 

This  line  could  also  be  measured  by  an  A.M.P.  corresponding 
to  A.V.P.,  e.g.  w^e  know  from  Article  53  that  a  line  inclined  to 
both  the  P.P.  and  the  G.P.  can  be  contained  by  a  plane  at  right 
angles  to  the  P.P.  Then  produce  the  line  from  A.V.P.  to  C  to 
get  the  V.L.  for  such  a  plane.  Draw  Cs  at  right  angles  to  A^'.L. 
and  equal  in  length  to  CS.  With  A.V.P.  as  centre,  and  the 
distance  of  s  as  radius,  draw  an  arc  to  meet  V.L.  in  A.M.P. 

Draw  a  horizontal  line  from  a  to  find  the  perspective  foot  de. 
Draw  a  line  from  a  parallel  to  V.L.,  and  six  times  dc  in  length, 
to  find/.  Draw  a  line  from /'to  A.Al.P.  to  meet  a  line  from  a 
to  A.V;P.  in  h. 

In  Article  80  we  have  shown  liow  the  V.L.  for  an  oblique 
l)]ane  may  be  determined  by  joining  the  V.P.'s  for  lines  con- 
tained by  the  oblique  plane  ;  we  will  now  show  how  the  V.L. 
for  an  oblique  plane  may  be  determined  from  the  angles  the 
oblique  plane  itself  forms  with  the  P.P.  and  the  G.P. ;  but, 
before  doing  so,  we  will  study  Fig.  131,  which  is  a  perspective 
sketch  showing  an  oblique  plane  P  intersected  by  a  line  CA  at 
right  angles  to  it. 

If  we  project  the  line  CA  on  a  horizontal  plane  we  make 
a  plan  of  it,  as  Ca  ;  and  if  we  project  it  on  a  vertical  plane, 
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the  P.P.  for  instance,  we  make  an  elevation  of  it,  a3  Ca'.  Xow 
the  line  Sg,  which  is  the  H.T.  of  the  plane  P,  must  be  at  right 
angles  to  Ca  ;  and  the  line  r/f  or  V.L.,  in  v\'hich  the  plane  P 
meets  the  P.P.,  must  be  at  right  angles  to  Ca.  This  will  be 
seen  from  the  following  : — 

If  the  angles  of  inclination  of  the  plane  P  with  the  G.P. 
and  the  P.P.  were  given,  we  conld  determine  the  angles  the 
line  CA  would  form  with  each  plane,  e.g.  let  the  plane  P  be 
inclined  to  the  G.P.  at  an  anirle  of  60^^  and  to  the  P.P.  at  an 
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angle  of  50°.  Assume  Cdc  to  be  a  vertical  plane  ;  this  plane  is 
at  right  angles  to  the  plane  P,  consequently  Ced  is  the  angle 
at  which  P  is  inclined  to  a  horizontal  plane,  or  to  the  G.P.  [86]. 
Since  the  angle  Ccd  =  GO',  the  angle  cCd  must  be  30".  Xext, 
since  Cbd  is  a  plane  at  right  angles  to  plane  P,  for  we  have 
assumed  Ca'  to  be  the  projection  of  CA  upon  the  P.P.,  ilie  angle 
Cbd  =  50°,  which  is  the  angle  of  inclination  of  the  plane  P  to 
the  P.P.  [86].  Also  the  angle  uCd  is  40',  which  is  the  angle  of 
inclination  of  the  line  CA  with  the  I'. P. 

If,  therefore,  the  angles  of  inclination  of  an  oblique  plane 
were  given,  we  should  first  determine  the  angles  of  inclination 
a  line  from  the  C.V.,  at  right  angles  to  the  oblique  plane,  would 
form  with  the  G.P.  and  the  P.P.  :  we  should  then  make  a  plan 
and  elevation  of  this  oblique  line,  then  draw  a  H.T.  of  the  oblique 
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plaue  at  right  angles  to  the  phiii  of  ihe  line  from  the  station 
point,  and  from  the  point  in  which  this  H.T.  meets  the  P.P. 
we  should  draw  the  V.L.  of  the  ohlique  plane  at  right  angles  to 
the  projection  of  the  oblique  line  on  the  P.P..  as  illustrated  in 
Fig.  131. 

A  method  of  finding  a  plane  n(  this  character  from  given 
data  is  comprised  in  the  following  problem. 

Xote. — If  we  assume  the  line  CA  to  be  the  generatrix  of  a 
cone,  and  CS  its  axis,  the  base  of  the  cone  will  be  turned  towards 
the  spectator,  and  C  will  be  its  vertex. 

Problem  66 

Let  B  a7id  B'  he  the  ijlan  and  elevation  of  an  octaJicdron  drawn 
to  a  scale  of  ^"  =  1 .  Draw  this  object  in  perspective,  with 
the  points  E,  F,  (i.  H  in  a  plane  receding  towards  the  right, 
and  inclined  to  the  (l.P.  at  an  angle  of  55°,  and  to  tin- 
P.P.  at  an  angle  o/48  .  The  edge  EF  is  to  he  inclined  to 
the  P.P.  at  an  angle  of  40'' ;  the  point  N  is  to  he  Q'  from 
the  P.P.,  2'  to  the  spfectators  right,  and  8'  above   the  G.P. 

Distance  tf  P.P.  =  16'.  Height  of  eye—t\'.  Scale  i"=l'. 
Fig.  132. 

Make  a  supplementary  drawing  of  the  working  j)oints,  etc., 
to  a  scale  of  -j^ "  =  1',  in  the  following  manner  : — 

Draw  a  horizontal  line  for  the  //./.  and  assume  any  point  c 
upon  it  for  the  c.r.     Draw  c'i  =  16'  at  right  angles  to  h.l. 

Determine  tlie  angles  that  a  line.  (cA)  at  riglit  angles  to  the 
oblique  plane  will  form  witli  the  G.P.  and  the  P.P.,  e.g.  since 
the  oblique  plane  is  inclined  to  the  G.P.  at  an  angle  of  55", 
the  line  must  be  inclined  to  the  G.P.  at  an  angle  of  35" ;  and 
since  the  oblique  plane  is  inclined  to  the  P.P.  at  an  angle  of 
48°,  tlie  line  must  be  inclined  to  the  P.P.  at  an  angle  of  42  . 

Draw  a  line  from  c,  making,  with  h.l.,  an  angle  of  42  ,  and 
produce  the  line  to  meet  the  dp.  in  g.  This  is  tlie  plan  of  a 
generatrix  of  a  cone,  the  point  c  being  its  vertex.     AYitli  e  as 
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centre,  and  a  radius  equal  to  sg,  draw  an  arc.     This  is  a  portion 


Fig.  132 

of  tlie  base  of  the  cone  projected  on  the  P.P.     Draw  a  line  at  c, 
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making,  with  h.L,  an  angle  of  n.V,  and  produce  this  line  till  its 
length  is  equal  to  eg,  to  find  A.  3)raw  a  horizontal  line  from  A 
to  meet  the  base  of  the  cone  in  a.  Join  a'c.  Draw  a  vertical 
line  from  a  to  meet  d^J  in  a.  Join  ca.  Then  ca  is  the  plan, 
and  ca  the  elevation  of  a  line  at  right  angles  to  the  oblique 
plane  (see  Fig.  131). 

Draw  a  line  from  s  at  right  angles  to  ca  to  meet  h.l.  in  /', 
This  is  the  h.t.  of  the  oblique  plane  on  a  horizontal  plane  at  the 
level  of  the  spectator's  eye.  Draw  a  line  through  j  at  right 
angles  to  ca.     This  is  the  v.l.  of  the  oblique  plane. 

The  line  ca'  intersects  the  v.J.  in  /-,  consequently  h  is  the 
crj.  AVe  must  now  find  the  distance  of  s  from  k.  With  c  as 
centre,  and  radius  ch,  draw  an  arc  to  meet  h.l.  in  /.  Join  fs, 
which  is  the  distance  required.  (The  angle  asfis,  the  angle  the 
oblique  plane  forms  with  the  P.P.) 

Set  off  from  /.',  on  kc  produced,  ks'  =fs.  Draw  a  line  d'ji' 
through  s  at  right  angles  to  /..s'.  Draw  lines  from  s,  making, 
with  d'p,  angles  of  40'  and  50^  on  the  right  and  left  respectively, 
and  produce  these  lines  to  meet  v.l.  in  the  points  a.v.2).'  and 
a.v.ij.  These  are  the  vanishing  points  for  the  edges  EF  and  EH. 
With  these  points  as  centres,  and  their  distances  from  -s'  as 
radii,  draw  arcs  to  meet  r.l.  in  tlie  points  a.m.p.  and  a.m.p.' 
These  are  their  corresponding  measuring  points. 

The  axis  XL  of  the  solid  is  at  right  angles  to  the  plane 
containing  the  points  E,  F,  G,  H.  We  must  now  find  the  V.L.  for 
a  plane  containing  this  line,  which  is  found  by  assuming  a  plane, 
at  right  angles  to  the  oblique  plane,  passing  through  the  station 
point.  We  know  that  c  is  the  projection  of  the  station  point 
on  the  P.P.,  therefore  a  line  A-.s'  drawn  through  c,  at  right  angles 
to  V.I.,  is  the  V.L.  {v.l.')  required. 

Draw  a  line  cs"  at  right  angles  to  r.l.',  and  equal  in  lenglli 
to  cs.  Draw  the  line  (I'lf  at  right  angles  to  cs".  Join  -s"/-. 
Then  the  angle  ^/VA;  is  the  angle  the  oblique  plane  forms  with 
the  P.P.  Draw  a  line  from  s"  at  right  angles  to  s"k  to  meet 
f.l.'  in  a.v.p."     This  is  the  Y.P.  for  the  axis  XL. 


X  SOLIDS  IX  COMPLEX  POSITIONS  187 

Witli  a.v.p."  as  centre,  and  its  distance  from  s"  as  radius, 
draw  an  arc  to  meet  v.l.'  in  a.m.'p" 

Find  the  necessary  working  points,  etc.,  in  the  larger  drawing 
to  determine  the  point  N'  (Prob.  5). 

Set  off  the  working  points,  etc.,  for  the  larger  drawing  to 
four  times  the  scale  of  the  supplementary  drawing,  starting 
from  C.V, 

Set  off  from  0  on  the  G.L.,  oc  =  twice  OE',  also  ol  =  twice 
OL,  and  join  e  and  I  to  C.V.  These  lines  form  perspective 
scales  for  the  lengths  of  OE'  and  OL. 

Draw  a  line  from  A.V.P."  through  N'.  As  this  line  is  too 
near  the  V.L.  of  the  plane  containing  it  to  be  measured  witli 
any  degree  of  accuracy,  we  will  proceed  to  measure  it  in  the 
following  manner  : — Draw  a  horizontal  line  from  N',  and  assume 
any  point  W  upon  it.  Draw  a  line  from  A.V.P."  through  N'. 
Draw  a  line  from  N"  i)arallel  to  V.L.',  and  set  off  N"w  and  nij, 
each  equal  to  hf  in  the  i"ierspective  scale.  Draw  lines  from 
A.M.P."  through  n  and  y  to  meet  the  line  from  A.V.P."  through 
X"  in  0"  and  L".  Draw  horizontal  lines  from  0"  and  L"  to 
meet  the  line  from  A.V.P."  through  N'  in  the  points  0'  and  L'. 

Draw  a  line  from  N"  parallel  to  V.L.,  and  equal  in  length 
to  Jim  in  the  perspective  scale,  to  find  q.  Draw  a  line  from 
A.V.P."  through  q  to  meet  a  line  from  0"  parallel  to  Wq  in  r. 

Draw  a  line  through  0'  parallel  to  V.L.,  and  set  off  on  it 
from  0',  distances  equal  to  O"?',  to  find  the  points  s  and  t. 
Draw  lines  from  the  points  s,  t  to  A.INI.P.  to  meet  a  line  drawn 
from  A.V.P.  through  0'  in  u  and  0:,  also  from  A.M.P.'  througli 
the  points  s,  t  to  meet  a  line  from  A.V.P.'  through  0'  in  the  points 
V  and  v\ 

Draw  lines  from  A.V.P.  through  v  and  w  to  meet  lines 
drawn  from  A.V.P.'  through  u  and  ,/;  in  the  points  E',  F',  G',  W. 
.  Join  H',  E',  F'  to  W  and  L'  to  complete  the  solid. 

When  a  solid  contains  many  lines  and  planes  that  are  not 
parallel  to  each  other,  the    work  is   very  much  simplified  by 
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finding  in  perspective  the  points  forming  the  extremities  of  the 
lines.  The  regular  solids  furnish  good  illustrations  of  objects 
of  this  character.  In  the  two  following  problems,  different 
methods  of  finding  these  points  are  illustrated. 

Problem  G7 

Let  A  and  A'  (Fig.  133)  he  the  plan  ami  elevation  of  a  dodeca- 
hedron ^  draivn  to  a  scale  of  y  =  1'.  Draw  this  ohjert 
in  perspective,  in  tlie  position  shoivn,  to  twice  this  scale, 
the  lowest  point  (b)  to  he  on  the  G.P.,  3'  from  the  P. P., 
and  1'  to  the  spectator  s  left. 

Distance  of  P.P.  =  8'.      Hei;iht  of  ei/e  =  3'.      Fig.  134. 

Draw  a  horizontal  line  from 
h  (Fig.  133),  2'  long,  to  find  w. 
Draw  a  line  from  iv,  3'  long,  at 
right  angles  to  hir,  to  find  r. 
Draw  a  horizontal  line  from  v 
to  represent  the  position  of  tlio 
P.P.  in  plan.  DraAv  lines  from 
each  of  the  points  in  plan  at 
right  angles  to  the  P.P.  (To 
prevent  confusion,  two  only, 
viz.  the  points  /.  and  /),  are 
"i    taken.) 

!  At    any    point    X    on   the 

,    line  XY  in  the  elevation,  draw 
]    a  vertical  line,  and  draw  hori- 
I    zontal  lines  from  all  the  points 
!    of  the  object  to  meet  it. 
i  Draw  the  G.L.,  H.L.,  etc. 

,    (Fig.  134),  to  a  scale  of  1"  =  1',. 
^  and  find  point  B  (Prob.  5). 

1  )raw    a    line    from    C.V. 


Fi-.  1.33 


^  Tlie  method  of  projectiug  the  regular  solirls,  geometrically,  is  given   ia 
Spantou's  Comphte  Geometrical  Con  me :  Mat'iiiillaii  and  Co. 
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through  B  to  meet  G.L.  in  X.  Draw  a  vertical  line  at  X,  and 
set  off  upon  it  the  distances  XK,  IvP,  etc.,  equal  to  twice  the 
corresponding  distances  on  the  line  XG  (Fig.  133).  iJraM- 
lines  from  each  of  these  jioints  to  C.Y.  These  lines  form  per- 
spective scales  for  the  heights  of  all  the  points  of  the  solid. 


Fit;-.    Voi 


Set  off  VY  =  twice  v//  (Fig.  133),  and  join  Y  to  C.V.  Set 
off  Y/^  =  twice  yjy  (Fig.  133),  and  draw  a  line  from  p  towards 
P.D.  to  meet  the  receding  line  from  Y  in  P'.  Draw  a  horizontal 
line  from  P'  to  meet  the  receding  line  from  X  in  p'.  Draw  a 
vertical  line  at^)'  to  meet  the  receding  line  from  P  iny.  Draw 
a  vertical  line  at  P'  =  the  height  JU^"  to  find  P".  This  is  one 
point  of  the  solid.  Find  all  the  other  points  in  a  similar  manner, 
and  join  them,  as  shown. 
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Problem  68 

Let  A  and  A'  (Fig.  135)  hr  tlic  jilan  and  elevation  of  a  ieosa- 
hedron  drawn  to  a  scale  of  h"  ~  !'•  Draio  tit  is  olijcrt  in 
perspective  to  twice  this  sccde,  the  vertical  axis,  and  the 
points  c  and  k,  to  he  in  a  rertica.l  ^:>/a?ie  inclined  to  the 
P.P.  at  an  angle  of  5V"  on  the  right;  the  lou-rst  point  li 
to  he  2'  from  the  P.P.  and  o'  to  the  spectator s  left. 

Distance  of  P.P.  =  12'.      Height  of  eye  =  ?f      Fig.  loH. 

Draw  a  line  from  I  (Fig.  135),  making,  with  hk,  an  angle  of 


57",  and  produce  the  line  till  it  is  3'  long  to  find  2>.  Draw  a 
line  from  p  at  right  angles  to  hp,  2'  long,  to  find  q.  Drav;  a 
line  from  g-  parallel  to  hp,  for  the  position  of  the  P.P.  in  plan. 
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Set  oft'  from  q,  on  i-iq  produced,  12',  to  find  the  station  point. 
J  )ra\v  lines  from  each  of  the  points  of  the  solid,  in  plan,  towards 
the  station  point  to  meet  the  P.l'.  To  save  confusion,  only 
three  points  are  taken,  h,  d,  and/.  These  lines  are  projections  of 
the  visual  rays  [9]  upon  the  G.I'. 

Draw  a  horizontal  line  throuo;h  h'  in  elevation  for  the  level 


of  the  G.P.,  and  set  up  3'  above  it  for  the  height  of  tlie  H.L. 
Set  off"  h'q  =  hp,  and  draw  a  vertical  line  at  q  to  find  C.V.  "We 
know  that  C.V.  is  the  elevation  of  the  station  point,  and  there- 
fore that  lines  drawn  from  the  various  corners  of  the  figure  to 
C.V.  must  give  the  visual  rays  in  elevation. 

Set  off  5' J'  =  (/J,  and  draw  a  vertical  line  at  J'  to  meet  the 
line  drawn  from  /  to  C.V.  in  /'.  Then  /'  is  the  position  of  the 
point  j  on  the  P.P.,  i.e.  where  the  visual  ray  from  the  point  j 
to  spectator's  eye  intersects  the  IM'.  [9]. 
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Xow  iiiid  the  G.L.,  H.L.,  and  C.Y.  (Fig.  136),  to  a  scale  uf 
1"  =  1 '.     We  shall  not  require  tlie  V.D. 

Set  oft"  qJ  —  twice  q'J'  (Fig.  135).  Draw  a  vertical  line  at 
J,  and  set  off"  JJ'  =  twice  J'/'  (Fig.  135).  Then  J'  is  one  of 
the  points  of  the  solid.  Determine  the  other  points  in  a 
similar  manner,  and  join  them,  as  shown. 


Fig.  137 


Students  in  the  advanced  stage  will  also  be  required  to  work 
out  problems  of  a  similar  nature  to  those  set  in  the  elementary 
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stage,  but  more  difficult  in  character.  Fig.  137  is  an  illustration 
of  Prob.  28  in  an  advanced  form,  i.e.  its  construction  is  based 
on  a  series  of  circles  in  parallel  planes,  the  circles  being  6'  in 
diameter.  It  represents  a  cylindrica;l  staircase  (generally  called 
a  spiral  staircase),  and  consists  of  twelve  steps,  their  total  height 
being  8'.     The  axis  is  5'  from  P.P.,  and  4'  to  the  spectator's  left. 

Distance  of  P.P.  =  10'.     Height  of  eye  =  4i-'.     BcaU  V  =  V. 

It  is  constructed  as  follows : — First,  find  the  circle  in  per- 
spective on  the  G.P.,  and  at  a  height  of  8'  above  it,  construct 
a  similar  circle  parallel  to  it.  The  construction  for  finding  the 
eight  points  in  these  circles  is  shown.  Join  the  corresponding 
points  in  each  circle  by  vertical  lines,  and  divide  each  line,  as 
well  as  the  axis,  into  twelve  equal  parts.  Draw  parallel  circles 
through  each  of  these  divisions,  as  shown  in  Prob.  28.  The 
upper  part  of  each  step  occupies  one-eighth  of  each  circle ;  the 
lines  forming  the  front  of  each  step  radiate  from  the  corre- 
sponding divisions  on  the  axis. 

Lines  of  Double  Cukvature. — A  curved  line  that  cannot 
be  contained  by  a  plane  is  said  to  be  a  line  of  double  curvature ; 
such  lines  are  illustrated  in  Fig.  137,  viz.  one  on  the  surface  of 
the  larger  cylinder,  and  the  other  on  the  surface  of  the  central 
shaft.  The  particular  curves  in  this  figure  are  called  helices, 
and  theoretically  are  traced  by  the  outer  end  of  a  line  of  fixed 
length  drawn  at  right  angles  to  the  axis ;  this  line  rotates  at  a 
uniform  rate  round  the  axis,  while  its  other  end  moves  at  a 
uniform  rate  along  the  axis.  A  similar  curve  could  be  drawn 
by  joining  the  outer  corners  of  the  steps  by  a  fair  curve. 

The  outline  of  a  Sphere  can  only  be  accuratel}'-  represented 
in  perspective  by  a  circle,  wlien  its  centre  is  directly  opposite 
the  eye,  as  will  be  seen  from  the  following  illustration. 

Let  A  (Fig.  138)  represent  the  plan  of  a  sphere,  P.P.  the 
position  of  the  picture  plane,  and  S  the  station  point.  Draw 
from  S  tangents  to  the  circle,  forming  the  plan  of  the  sphere, 
as  hS,  and  dS,  and  join  hd.  Then  Sbd  will  represent  the  plan  of 
a  right  cone  tangential  to  the  sphere,  and  the  P.P.  will  form  a 
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section  through  this  cone  at  the  line  cf.     Now  the  only  section 
of  a  right  cone  that  will  give  a  circle  is  one  at  right  angles  to 

its  axis,  and  the  IM*.  coiikl  make 
such  a  section  only  if  the  centre  of 
the  sphere  were  opposite  the  eye. 
In  every  other  position  the  perspec- 
tive representation  of  the  outline  of 
a  sphere  would  be  an  ellipse. 

EXERCISES 


138 


Practice 

The  scale  to  be  used  in  working  all 
ihese  problems  is  half  an  inch  to  one  foot 

The  eye  is  to  be,  in  each  rase,  12' 
(Usfant  from  the  P.P.,  aiicl  4'  abore  the 
(I.P. 

1.  Draw  a  square  5'  x  5'  in  an 
ascending  plane,  inclined  to  the  G.P. 
at  an  angle  of  40  ;  its  nearest  edge  to  rest  on  the  G.P.,  parallel 
to  the  P.P.,  and  4'  from  it ;  its  nearest  corner  to  be  2'  to  the 
spectator's  left. 

Through  the  centre  of  the  square,  and  at  right  angles  to  it, 
draw  a  line  4'  long,  projecting  to  a  distance  of  2'  on  each  side  of 
the  square. 

2.  Draw  a  regular  octagon  of  2'  side  in  a  plane,  at  right  angles 
to  the  P.P.,  and  inclined  at  an  angle  of  30'  Avith  the  G.P.  on  the 
right ;  its  lowest  edge  to  rest  on  the  G.P.,  and  the  nearer  end  of 
this  edge  to  be  4'  from  the  P.P.,  and  2'  to  the  spectator's  right. 

Through  the  centre  of  the  octagon,  and  at  right  angles  to  it, 
draw  a  line  4'  long,  its  lower  end  to  be  on  the  G.P. 

3.  Draw  a  regular  hexagon  of  2'  side  in  a  descending  plane, 
inclined  to  the  G.P.  at  an  angle  of  3G  ;  its  farthest  edge  to  rest 
on  the  G.P.,  and  the  left-hand  end  of  this  edge  to  be  2'  to  the 
spectator's  right,  and  4'  within  tlie  picture. 

Through  the  centre  of  this  hexagon,  and  at  right  angles  to  it, 
draw  a  line  3'  long,  projecting  to  an  equal  distance  on  each  side. 

4.  Draw  a  square  5'  x  5',  contained  by  an  oblique  plane,  the 
H.T.  of  which  is  inclined  to  the  P.P.  at  an  angle  of  40  on  the 
left ;  the  angle  of  inclination  of  the  oblique  plane  to  the  G.P.  to 
be  36°  towards  the  spectator's  right ;  the  lowest  corner  of  the 
square  to  rest  on  the  G.P.,  3'  from  the  P.P.,  and  2'  to  the  spec- 
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tator's  left ;  the  nearer  lower  edge  of  the  square  to  be  inclined  to 
the  H.T.  of  the  oblique  plane  at  an  angle  of  35'. 

Through  the  centre  of  the  square,  and  at  right  angles  to  it, 
draw  a  line  5'  long,  projecting  to  an  equal  distance  on  each  side 
of  the  square. 

5.  Draw  the  object  shown  in  Fig.  123,  in  a  similar  position  to 
that  shown  in  Fig.  125. 

6.  Draw  the  object  shown  in  Fig.  127,  in  a  similar  position  to 
that  shown  in  Fig.  128. 

Theory 

1.  lu  making  a  perspective  drawing,  how  would  tlie  relative 
positions  of  the  eye,  the  picture  })lane,  and  the  object,  influence 
the  scale  of  your  drawing  [50]  ? 

2.  Upon  what  optical  fact  is  the  science  of  perspective  entirely 
dependent  [7] 1 

3.  When  can  a  sphere  be  accurately  represented  in  perspective 
by  a  circle  ?  What  would  be  the  form  of  the  representation  in 
other  cases,  and  why  (Fig.  138)  ? 

i.   How  is  the  centre  of  a  vanishing  line  determined  [88]  ? 

5.  Upon  what  principle  are  vanishing  lines  determined  [73]  ? 

6.  What  is  an  oblique  line  [63]  ]  How  M'ould  you  determine 
the  vanishing  point  for  an  oblique  line  [68]  ? 

7.  What  planes  have  no  vanishing  lines  [55]  ? 

8.  Name,  according  to  their  characteristics,  the  various  planes 
that  occur  in  perspective  [55-62]. 

9.  Describe  by  a  sketch  any  method  of  finding  the  vanishing 
line  of  an  oblique  plane  [73,  74]. 


CHAPTER    XI 

sciography  or  the  projection  of  shadows 

Inteoductiox 

KOTE. —  The  articles  in  this  chapter  arc  numbered  in  continuation 
of  those  in  Chapter  IX. 

The  numerals  in  brackets  refer  to  the  articles  numbered  in 
Chapters  II.  and  IX.,  and  in  this  chapter. 

SciOGRAPHY  Cfroin  skia,  a  shadow,  aud  (jrap)ho,  I  draw)  is  the 
art  of  drawing  shadows  correctly. 

89.  A  shadow  upon  any  object  is  caused  by  another  object 
intercepting  light  which  would  otherwise  fall  upon  it ;  it  is 
consequently  the  projection  of  the  outline  shape  of  the  object 
which  intercepts  the  light  upon  the  object  that  is  deprived  of 
that  portion  of  the  light. 

90.  Shade. — The  parts  of  the  object  which  receive  no  direct 

illumination  are  said  to  be  in  shade. 

Fig.  139  is  the  drawing  of  a  cube  with 

its  shadow  cast  upon  a  horizontal  plane. 

A  is  the  shadow,  and  the  faces  B  and  C 

are  in   shade,  as   they  receive  no    direct 

light. 

Fig-  139  91.  Shadows    may    be    conveniently 

divided  into  two  kinds,  viz.  those  projected  from  a  source  of 
light  at  a  great  distance,  as  the  sun,  and  those  projected  from 
a  source   of   light   comparatively  near — a   lighted    candle    for 


CHAP.  XI     SCIOGRAPHY  OR  THE  PROJECTION  OF  SHADOWS     197 

instance.     In  any  case  the  source  of  light  is  assumed  to  be  a 
point. 

92,  When  shadows  are  cast  by  the  sun,  the  rays  of  liglit  are 
practically  parallel  to  each  other, 

93,  When  shadows  are  cast  by  a  lighted  candle,  the  rays  of 
light  diverge  from  the  source  of  light. 

We  will  first  take  into  consideration  those  shadows  that  are 
cast  by  parallel  rays  of  light. 

Shadows  cast  by  the  Sun's  Eays 

The  sun  may  occupy,  with  regard  to  our  picture,  one  of  the 
three  following  positions  : — 

It  may  be  (1)  in  the  plane  of  the  picture  ;  in  which  case  the 
shadow  of  a  vertical  line  will  be  parallel  to  the  picture.  (2) 
Behind  the  picture ;  in  which  case  the  shadow  of  a  vertical  line 
will  be  cast  towards  the  spectator.  (.3)  In  front  0/ the  jncture ; 
in  which  case  the  shadow  of  a  vertical  line  will  be  cast  away 
from  the  spectator. 

94,  Before  we  can  project  the  shadow  of  an  object,  we  must 
know  the  relative  positions  of  the  following — the  spectator,  the 
picture,  the  object,  the  source  of  light,  and  the  surface  which 
receives  the  shadow. 

95,  The  Plane  of  Pkojection. — When  the  surface  M^hich 
receives  the  shadow^  is  a  plane,  it  is  called  the  p)lane  of  pi-ojeetion, 
e.g.  the  plane  containing  the  shadow  A  (Fig.  139)  is  a  plane  of 
projection,  the  shadow  being  ^jro/'trto^  upon  it. 

9G.  Vanishing  Point  of  the  Sun's  Eays. — When  the  sun 
is  behind  the  picture,  the  rays  of  light,  being  receding  parallel 
lines,  must  be  represented  l)y  lines  converging  to  a  vanishing 
point. 

We  know"  that  a  vanishing  point  represents  on  the  picture 
plane  a  point  at  an  infinite  distance  [13],  and  it  is  clear  that  in 
this  case  the  vanishing  point  represents  in  the  picture  the 
position  of  the  sun's  centre,  and  is  called  the  ranishing  'point  of 
the  suns  rays. 
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97.  When  the  sun  is  behind  the  spectator,  rays  of  light 
passing  into  the  picture,  being  parallel,  will  again  be  represented 
by  lines  converging  to  a  vanishing  point ;  the  position  of  this 
point  will  be  determined  by  the  intersection  with  the  picture 
plane  of  the  ray  of  light  passing  from  the  sun  through  the 
station  point,  i.e.  of  a  vanishing  parallel  of  the  sun's  rays  [13]. 

98.  When  the  sun  is  in  the  plane  of  the  picture,  the  rays  of 
light  will  be  parallel  to  the  picture  plane,  and  will  therefore  be 
drawn  geometrically  parallel  to  each  other  [21]. 

99.  The  Seat  of  the  Luminary. — A  line  drawn  from  the 


Fig.  140 

centre  of  the  luminary,  at  right  angles  to  tlie  plane  of  projection, 
will  meet  it  in  a  point  called  the  seat  of  the  luminary ;  e.g.  let  us 
assume  the  ground  plane  (Fig.  140)  to  be  the  plane  of  projection, 
and  L  the  vanishing  point  of  the  sun's  rays.  As  a  vanishing 
point  represents  a  point  at  an  infinite  distance  [13],  and  the  H.L. 
the  apparent  termination  of  the  ground  plane  in  infinity.  Draw 
a  vertical  line  from  L  to  meet  H.L.  in  P.  Then  P  is  the  scut  of 
the  luminary  L. 

100.  The  Plane  of  Shade.— Let  Ac  and  m  (Fig.  140) 
represent  two  vertical  lines.  Draw  lines  from  P  through  c  and 
d  to  meet  lines  drawn  from  L  through  A  and  B  in  a  and  h. 
Then  ca  is  the  shadow  on  the  ground  plane  of  the  line  cA,  and 
db  of  the  line  dB.     Xow  if  a  shadow  is  cast  by  a  right  line, 
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there  must  be  a  portion  of  the  plane  containing  the  line,  its 
shadow,  and  the  luminous  point,  which  receives  no  direct 
light ;  (\;j.  the  planes  IMd  and  Aac,  hence  these  planes  are 
cdiWeA  planes  of  shade,  and  if  produced  would  both  pass  through 
the  luminous  point  L. 

101.  Vanishing  Line  of  the  Plane  of  Shade. — As  Aac  and 
lihd  (Fig.  140)  represent  two  parallel  planes  of  shade,  they 
must  evidently  converge  towards  the  vanishing  line  LP  [33], 
which  is  consequently  called  the  vanishing  line  of  the  plane 
of  shade. 

Let  the  points  A  and  l)  (Fig-  1-iO)  be  joined  by  a  horizontal 
line ;  the  shadow  of  this  line  is  found  by  joining  ah;  and  we  see 
that  AB?w  is  also  a  plane  of  shade. 

102.  2\i  find  flic  vanishing  line  for  a  phuie  of  shade,  Join 
the  vanishiiaj  point  of  the  sun's  rays  to  the  vanishinfj  point  of  the 
line  that  easts  the  shadow. 

As  AB  (Fig.  140)  is  a  receding  horizontal  line,  its  V.P.  must 
be  on  the  H.L.  [20].  Produce  AB  to  meet  the  H.L.  in  its  V.P. 
(V),  and  join  VL.     This  is  the  vanishing  line  required. 

103.  The  student  should  notice  that  the  shadow  of  a  line  is 
the  intersection  of  the  plane  of  shade  with  the  plane  of  projec- 
tion ;  e.g.  in  (Fig.  140)  the  G.P.  is  the  plane  of  projection,  and 
ac  (the  shadow  of  the  line  Ac)  is  the  intersection  of  the  plane 
of  shade  with  the  plane  of  projection.  The  line  fd)  is  another 
instance. 

104.  The  Seat  of  a  Point. — The  point  where  a  line  drawn 
from  a  point,  at  right  angles  to  a  plane,  meets  the  plane,  is 
called  the  scat  of  the  point  upon  that  plane.  It  is  in  fact  the 
orthogonal  projection  of  a  point  upon  a  plane. 

Assume  the  line  AB  (Fig.  140)  to  be  suspended  in  mid  air. 
Before  we  could  determine  its  shadow,  we  should  have  to  deter- 
mine the  seat  of  each  extremity  (A  and  B)  on  the  plane  of  pro- 
jection ;  e.g.,  c  is  the  seat  of  A,  and  d  is  the  seat  of  B. 

We  will  take  another  illustration.  Let  the  vertical  plane 
D  (Fig.  141)  be  the  plane  of  projection,  and  let  Ah  be  a  line  at 
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right  angles  to  it.  The  sun  is  supposed  to  be  in  front  of  the 
picture,  i.e.  behind  the  spectator,  and  a  ray  of  light  passing 
from  the  centre  of  the  sun  through  the  station  point  is  sup- 
posed to  meet  the  picture  in  L  (the  V.P.  of  the  sun's  rays).  A 
vertical  line  drawn  from  L  will  meet  the  H.L.  in  P  (the  seat  of 
L),  therefore  PL  is  the  V.L.  for  all  vertical  planes  of  shade  [100]. 

We  will  first  find  the  shadow  of  the  line  PJ)  by  means  of  this 
Y.I.. 

Find  the  seat  of  the  point  A  on  the  G.P.  as  follows : — Draw 


Fig.  141 

a  vertical  line  from  l>  to  meet  tlie  G.P.  in  c.  As  Ah  is  a  receding 
horizontal  line,  produce  it  to  H.L.  to  find  its  vanishing  point 
(V).  Draw  a  line  from  V  through  c  to  meet  a  vertical  line 
drawn  from  A  in  d.  This  is  the  projection  (or  seat)  of  A  on  the 
G.P.  Draw  a  line  from  d  to  P  to  meet  the  lower  edge  of  the 
plane  D  in  e.  Draw  a  vertical  line  at  c  to  meet  a  line  drawn 
from  A  to  L  in  a.     Join  Z/rr,  which  is  the  shadow  of  the  line  hA. 

We  will  now  find  the  shadow  of  the  same  line  by  means  of 
the  oblique  plane  of  shade. 

The  plane  D  being  given,  we  assume  its  V.P.  (V)  to  be 
known.  At  Y'  draw  a  vertical  line  for  the  V.L.  of  the  plane 
D.  Draw  a  line  from  V  through  L  to  meet  the  V.L.  of  D  in 
O.  Then  \0  is  the  V.L.  for  the  oblique  plane  of  shade  [102]. 
Draw^  a  line  from  h  to  0  to  meet  a  line  from  A  to  L  in  a.     Then 
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■ba  is  the  shadow,  i.e.  the  intersection  of  the  plane  of  shade  with 

the  plane  of  projection  [103]. 

105.  All  shadows  are  found  bj  projecting  on  the  plane  of 

projection  certain   points  on   the  outline    of   the  object  which 

intercept  the  light ;  then  by  joining  these  points  mc  obtain  the 

outline  of  the  shadow.     Now  it 

is  evident,  from  the  illustration 

we  have  just   taken,  that   the 

point  a  which  determines   the 

shadow  of  the  line  Ah,  can  be 

found  by  projecting  A  on   the 

plane  B  by  means  of  either  a 

vertical  or  an  oblique  plane  of  shade,  but  as  the  construction 

for  a  vertical  plane  of  shade  is  more  simple  and  occupies  less 

space  than  tliat  required  for  an  oblique  plane  of  shade,  we  will 
use  it  for  the  present. 

Let  £  (Fig.  142)  represent  a  vertical  plane 
inclined  to  the  P.P.,  and  let  the  G.P.  be  the 
plane  of  projection ;    also  let  the  sun  be  in 
the  plane  of  the  pic- 
ture [98]  at  an  altitude 
of  30°  above  the  G.P., 
on  the  spectator's  left. 
Draw  a  line  from 
D,  at  an  angle  of  30^ 
with  the  G.P.,  to  meet 
a  horizontal  line  from 
a  in  d.    Find  the  point 
c  in  a  similar  manner, 
and    join    de.      Then 
aced  is  the  shadow  of 

Let  B  (Fig.  143)  represent  a  similar  plane,  and  the  G.P.  the 
plane  of  projection  as  before;  but  let  the  sun  be  behind  the 
picture  [96],  in  a  vertical  plane  inclined  to  the  P.P.  at  an  angle 
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of  42'  to  spectator's  left,  and  at  an  altitude  of  37"  above 
the  G.P. 

Draw  a  line  making  an  angle  of  42"  at  the  station  point  (S) 
with  D.P.,  and  produce  it  to  meet  H.L.  in  P.  Draw  a  vertical 
line  at  P  for  the  V,L.  of  the  plane  of  shade.  With  P  as  centre, 
and  radius  PS,  draw  an  arc  to  meet  H.L.  in  A.  Then  PA  is 
the  distance  of  tlie  spectator  from  the  Y.L.  Set  off  at  A,  with 
H.L,  an  angle  of  37°,  and  produce  it  to  meet  the  A^.L.  in  L. 
Then  L.  is  the  V.P.  of  the  sun's  rays. 

Draw  a  line  from  P  through  a  .to  meet  a  line  drawn  from  L 
through  D  in  d.  Find  the  point  c  in  a  similar  manner,  and  join 
de.     Then  aced  is  the  shadow  of  the  plane  B. 


Let  B  (Fig.  144)  represent  a  similar  plane,  and  let  the  G.P. 
still  be  the  plane  of  projection ;  but  let  the  sun  be  in  front  of  the 
picture  [97]  in  a  vertical  plane,  receding  to  the  left  and  inclined  to 
the  P.P.  at  an  angle  of  40°,  and  at  an  altitude  of  30°  above  the  G.P. 

Draw  a  line  making  an  angle  of  40°  at  S  with  D.P.,  and  pro- 
duce it  to  meet  H.L.  in  P.  Draw  a  vertical  line  at  P  for  the 
V.L.  of  the  plane  of  shade.  With  P  as  centre,  and  radius_PS, 
draw  an  arc  to  meet  H.L.  in  A.  Set  off  at  A  with  H.L.  an 
angle  of  30°,  and  produce  it  to  meet  the  V.L.  in  L.  Then  L  is 
the  V.P.  of  the  sun's  rays. 

Draw  a  line  from  a  to  P  to  meet  a  line  drawn  from  D  to  L 
in  d.  Find  the  point  e  in  a  similar  manner,  and  join  dr.  Then 
adec  is  the  shadow  of  the  plane  B. 
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106.  If  a  line  is  parallel  to  fhe  plane  of  projection  the  line 
and  its  shadoiv  are  also  parallel  to  eaeh  other,  e.g.  d&  is  persjoec- 
tivel]/  parallel  to  DE  in  Figs.  142,  143,  and  144. 

Xote. —  The  numhered  articles  are  eontiniied  at  p.  228. 

Problem  69 

Project  the  shadotcs  of  the  two  rectangular  solids  A  and  B 
(^Fig.  145) ;  the  sun  to  he  in  the  plane  of  the  picture,  and 
at  an  altitude  of  60^  above  the  G.P.  on  the  spectators 
right. 

Find  the  seat  of  the  point  D  in  the  following  manner  : — Draw 


G.L. 


Fig.  145 

a  line  from  D  towards  C.V.,  meeting  the  upper  edge  of  the  block 
A  in  Ic.  Draw  a  vertical  line  from  k  to  meet  the  lower  edge  of 
A  in  g.  Draw  a  line  from  C.Y.  tlirough  g  to  meet  a  vertical 
line  from  D  in  h.     Then  h  is  the  seat  of  D. 

Draw  a  line  from  D,  at  an  angle  of  60°  with  the  G.P.,  to 
meet  a  horizontal  line  from  h  in  d.  Then  d  is  shadow  of  the 
point  D.  Determine  in  a  similar  manner  the  points  e,  f,  j, 
the  shadows  of  the  points  C,  F,  J.     Join  cd  audyj. 
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Draw  a  line  from  d  to  C.V.,  meeting  the  lower  edge  of  A  in 
/.  Join  hi.  Draw  a  line  from  c  to  C.V.,  meeting  a  liorizontal 
line  from/.  Draw  a  line  from  j  towards  the  right  hand  V.r. 
of  the  block  A. 

The  upper  surface  of  tlie  block  xi  is  the  plane  of  projection 
for  a  portion  of  the  shadow  of  block  B.  Find  n,  the  seat  of  E 
on  tliis  plane,  and  draw  a  line  from  E  parallel  to  J)d  to  meet  a 
horizontal  line  from  n  in  e.  Draw  a  line  through  e  from  C.V., 
meeting  the  upper  edge  of  A  in  q.  Produce  the  lower  edge  of  A 
to  meet  the  receding  line  from  c  in  u.     Join  qo. 

In  the  four  following  illustrations  a  similar  model  is  given, 
viz.  three  rods  joined  together  at  right  angles  so  as  to  form  a 
double  cross.  Tliis  model  gives  us  three  lines  in  different 
positions  with  reference  to  the  P.P.  We  will  project  its  shadow 
on  planes  in  different  positions. 


Proble:\i  70 

1.  Project   'Upon    the    G.P.    tlic    shadoic   of   the   double   cross  A 

(Fig.  146) ;  the  sun  to  he  in  the  2}h(-ne  of  the  picture,  and 
at  an  edtitude  of  50°  eihove  the  G.P.  on.  spectator's  left, 
i.e.  in  the  direction  of  the  arrow  E. 

2.  Also  of  a  similar  cross  B  %Lpon  the  pilcLiie  C. 

1.  Determine  the  seat   of  the   point  D  in  c.     Draw  a  line 


Fig.  146 
from   D  parallel  to  11  to  meet  a   horizontal  line  from  c  in  d. 
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Determine  the  other  points  in  a  similar  manner,  and  join  them, 
as  shown. 

2.  Determine  the  seat  of  the  point  F  in  g.  Draw  a  hori- 
zontal line  from  ^  to  meet  the  lower  edge  of  the  plane  6' in  li. 
Draw  a  line  from  F  parallel  to  K  to  meet  a  vertical  line  on  h  in 
/.  Determine  the  other  points  in  a  similar  manner,  and  join 
them,  as  sho^vn. 


Problem  71 

1.  Project   the  shadow  of  the  dovhie  cross  A  (Fig.  147)  -^/po^t 

the  inclined  jplane  B ;  the  sun  to  he  in  the  phme  of  tlic 
'picture,  and  the  light  to  come  in  the  direction  of  the 
arrow  E. 

2.  Also  of  a  similar  cross  C  upon  the  inclined  jjlfine  D. 

1.  Determine  the  seat  of  the  point  E  in  /.    Draw  a  horizontal 


Fig.  147 

line  from /to  meet  the  lower  edge  of  the  plane  B  in  g.  Draw 
a  line  from  E  parallel  to  E  to  meet  a  line  drawn  from  g  parallel 
to  the  nearer  edge  of  B  in  c.  Determine  the  other  points  in  a 
similar  manner,  and  join  them,  as  shown. 

2.  Determine  the  seat  of  the  point  H  in  i.  Draw  a  hori- 
zontal line  from  i  to  meet  the  lower  edge  of  the  inclined  plane 
I)  inj.  Draw  a  line  from  H  parallel  to  E  to  meet  a  line  drawn 
from  j  parallel  to  the  nearer  edge  of  D  in  h.  Determine  the 
other  points  in  a  similar  manner,  and  join  them,  as  shown. 
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Peoble.m  72 

1.  Project  the  shadoic  of  the   dov.Ue  cross  B  (Fig.  148)  on  the 

G.P. ;  the  sun  to  be  in  front  of  the  incture  in  a  %-ertical 
plane  receding  to  the  left  and  inclined  to  the  V.V.  at  an  angle 
of  50°,  and  at  an  altitude  of  30'  above  the  G.P. 

2.  Also  of  a  similar  C7vss  C  upon  a  vertical  plane  I),  and  of 

D  on  the  G.P. 

Draw  a  line  making  an  angle  of  50°  at  the  station  point  (S) 


with  D.P.,  and  produce  it  to  meet  II. L.  in  P.  "With  1'  as  centre, 
and  its  distance  from  S  as  radius,  draw  an  arc  to  meet  H.L.  in 
A.  Set  off  an  angle  of  30"  at  A  with  H.L.,  and  produce  it  to 
meet  a  vertical  line  from  P  in  L.  Then  ]j  is  the  Y.P.  of  the 
sun's  rays,  and  LP  the  Y.L.  of  the  plane  of  shade. 

Find  a,  the  seat  of  E.  Draw  a  line  from  a  to  P  to  meet  a  line 
drawn  from  E  to  L  in  e.  Find  the  other  points  in  a  similar 
manner,  and  join  them,  as  shown. 

2.  Find  ?>,  the  seat  of  F.  Draw  a  line  from  ^  to  P  to  meet 
the  lower  edge  of  the  plane  D  in  g.  Draw  a  vertical  line  from 
g  to  meet  a  line  drawn  from  F  to  L  in  /!  Find  the  other  points 
in  a  similar  manner,  and  join  them,  as  shown. 
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Problem  73 

1.  Froject   the  shadow  of  the  duuhle  cross  B  (Fig.  149;  upon 

the  ohlique  2J^c(ne  C ;  the  sioi  to  he  in  front  of  the  2ncture, 
ill  o  vertical  jdane  receding  to  the  right  and  inclined  to 
the  P.P.  at  an  angle  (f  GO'',  and  at  an.  (dtitude  of  .3 5*"' 
ahove  the  G-.P. 

2.  Also  of  a  similar  cross  D  njwn  a  rerticcd  2>ltt7ie  E. 

1.  Draw  a  Hue  making  an  angle  of  60°  at  S  with  D.P.,  and 
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Fig.  149 

produce  it  to  meet  H.L.  in  P.  With  P  as  ceutre,  and  its 
distance  IVom  S  as  radius,  draw  an  arc  to  meet  H.L.  in  A. 
Draw  a  line  making  an  angle  of  35'^  at  A  with  H.L.,  and  i^roduce 
it  to  meet  a  vertical  line  from  P  in  L.  Then  L  is  the  \ .V.  of 
the  sun's  rays,  and  LP  the  V.L.  of  the  plane  of  shade. 

Produce  the  lower  edge  of  the  plane  C  to  meet  H.L.  in  V, 
the  Y.P.  for  its   horizontal  edges.     Also  find  V,   the  V.P.  for 
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horizontal  lines  at  right  angles  to  its  horizontal  edges.  Deter- 
mine 0,  the  A.V.P.  for  the  oblique  edges  of  the  plane  C  [77]. 
Join  VO.     This  is  the  Y.L.  of  the  plane  C. 

Produce  LP  to  meet  VO  in  Q.  Then  Q  is  the  Y.P.  for  lines 
common  to  the  plane  C  and  the  vertical  planes  of  shade  [103]. 

Find  (I,  the  seat  of  F.  Draw  a  line  from  a  to  P,  meeting 
the  lower  edge  of  plane  C  in  e.  Draw  a  line  from  c  to  Q  to 
meet  a  line  drawn  from  F  to  L  in  /.  Determine  the  other  points 
in  a  similar  manner,  and  join  them,  as  shown. 

Let  us  test  the  shadow  of  the  arm  FQ  by  means  of  the  Y.L. 
for  oblique  planes  of  shade.  Draw  a  line  from  L  through  C.Y. 
to  meet  YO  in  N.  Then  LIST  is  the  Y.L.  for  the  oblique  plane 
of  shade  containing  FQ  [102],  and  N  is  the  Y.P.  for  the  line 
common  to  plane  C  and  this  oblique  plane  of  shade  [103],  con-. 
sequently/^  produced  should  vanish  at  IST. 

To  find  the  shadow  of  the  plane  C,  draw  a  line  from  i  to  P 
to  meet  a  line  drawn  from  1:  to  L  in  /  Draw  a  line  from  ,/ 
towards  A'. 

2.  Find  (',  the  seat  of  G.  Draw  a  line  from  c  to  1'  to  meet 
the  lower  edge  of  the  plane  E  in  h.  Draw  a  vertical  line  from 
h  to  meet  a  line  drawn  from  G  to  L  in  g.  Determine  the  other 
points  in  a  similar  manner,  and  join  them,  as  shown. 

Tlie  shadow  of  the  plane  E  is  found  in  a  similar  manner  to 
that  described  for  plane  C. 

Problem  74 

Project  the  shadoivs  of  the  two  rcctaiviidar  solids  A  and  B 
(Fig.  150).;  the  sun  to  he  hehind  the  i)icture,in  a  verticcd 
plane  inclined  to  the  P.P.  at  an  angle  of  30^  to  the 
spectator's  left,  and  at  an  altitude  of  40"  above  the  G.P. 

The  working  points,  etc.,  for  drawing  these  blocks  and 
shadows  were  set  out  to  a  scale  of  V  =  1',  but  as  they  cannot  be 
shown  in  the  space  at  our  disposal,  they  are  set  out  in  a  supple- 
mentary diagram  drawn  to  a  scale  of  yg"  =  1'. 
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In  this  siipplementaiy  diagram  .s  is  the  station  point,  v  and  v 
are  the  V.P.'s  for  the  block  A,  and  v,  a.v.p.,  and  a.v.])!  are  the 
V.P.'s  for  the  block  B. 

Draw  a  line  making  an  angle  of  30"  with  d.]).  at  s,  and 


produce  it  to  meet  li.l.  in  P.  AVith  P  as  centre,  and  its  distance 
from  s  as  radius,  draw  an  arc  to  meet  li.l.  in  a.  Draw  a  line, 
making,  at  a,  an  angle  of  40°  with  li.l.,  and  produce  it  to  meet  a 
vertical  line  drawn  at  P  in  L.  Then  L  is  the  V.P.  of  the  sun's 
rays,  and  PL  the  V.L.  of  the  plane  of  shade. 

p 
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Set  off  the  distances  between  these  points  to  eight  times  this 
scale  in  the  larger  drawing,  commencing  at  C'.Y. 

Find  h,  the  seat  of  the  j^oint  C.  Draw  a  line  from  P  through 
h  to  meet  a  line  drawn  from  L  through  C  in  c.  Find  d,  h,  e,f,  q,  g, 
the  shadows  of  the  points  D,  K,  E,  F,  Q,  G,  in  a  similar  manner, 
and  join  them,  as  shown.  The  shadow  of  the  corner  at  g  is 
found  by  joining  g  with  o  and  q.  Join  (?J  and  J/j,  cutting  the 
lower  edge  of  A  in  s.  Join/s.  Draw  a  line  from  q  to  the  left- 
hand  V.P.  of  block  A  to  find  r. 

Now  let  the  upper  surface  of  block  A  be  tlie  plane  of  pro- 
jection, and  on  it  project  the  shadows  of  the  points  K,  E,  iST,  in  the 
points  k',  e,  n.  Join  k'j,  also  c'n,  and  produce  the  line  to  meet  the 
edge  of  block  A  in  i.  Produce  the  line  .so  to  meet  cc  in  p,  and 
join  iii. 

Problem  75 

Project  the  shadows  of  the  two  solids  A  and  B  (Fig.  151) ;  the 
sun  to  he  behind  the  picture  in  a  vertical  plane  inclined 
to  the  P.P.  at  an  angle  of  50°  to  the  spectators  left,  and 
at  an  altitude  of  48°  ahove  the  G.P. 

This  group  of  blocks  is  drawn  to  a  scale  of  \"  =  1'.  The 
supplementary  diagram  of  the  working  points,  etc.,  is  drawn  to 
a  scale  of  -^"  =  1'. 

The  points  v  and  v,  in  the  supplementary  diagram,  are  the 
V.P.'s  for  the  horizontal  lines  of  the  hexagonal  prism  (A)  ; 
a.v.p.  is  the  A. V.P.  for  the  axis  of  the  hexagonal  pyramid  (B), 
and  the  line  joining  v  and  a.rp.'  is  the  Y.L.  for  its  base. 

Draw  a  line  making  an  angle  of  50°  at  s  with  d.p.,  and 
produce  it  to  meet  h.l.  in  P.  With  P  as  centre,  and  its  distance 
from  s  as  radius,  draw  an  arc  to  meet  h.l.  in  a.  Draw  a  line 
making  an  angle  of  48°  at  a  with  h.l.,  and  produce  it  to  meet 
a  vertical  line  at  P  in  L.  Then  L  is  the  V.P.  of  the  sun's  rays, 
and  PL  the  V.L.  of  the  plane  of  shade. 
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Set  off,  ill  the  larger  drawing,  the  distances  between  these 
points  to  eight  times  this  scale,  commencing  at  C.V. 

Find  n,  the  seat  of  the  point  C.  Draw  a  line  from  P  through 
II  to  meet  a  line  from  L  through  C  in  c.  Project  the  shadows 
of  tlie  other  points  in  a  similar  manner.     The  points  are  marked 


with  capitals,  and  their  shadows  with  corresponding  letters  in 
small  italics ;  e.g.  the  shadow  of  the  vertex  F  on  the  G.P.  is  f, 
and  /'  is  its  shadow  on  a  plane  containing  the  upper  surface 
of  the  solid  A.  Join  0  and  c  to/.  Draw  lines  from  1:  and  g  to 
the  left-hand  V.P.  of  the  solid  A. 

Produce  JK  to  meet  the  lowest  right-hand  edge  of  the  prism 
produced  in  0.     Draw  a  line  from  the  left-hand  V.P.  through  0 
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to  meet  tlie  line  cf  in  p.  The  edge  XF  of  the  pyramid  inter- 
sects the  upper  edge  of  the  prism  in  (£.  Draw  a  vertical  line 
from  this  point  to  meet  the  edge  CF  in  E.  Find  the  shadow  of 
E  on  a  plane  containing  the  upper  surface  of  the  prism  in  r. 
Join  ;/',  intersecting  the  upper  edge  of  the  prism  in  s.  Join  >^i) 
and  vf. 

Problem  76 

Project  the  shadoivs  of  the  two  solids  A  and  B  (Fig.  152);  the 
sun  to  he  in  front  of  the  2iictii7'e  in  a  vertical  plane  re- 
ceding to  the  right,  and  inclined  to  the  P.P.  at  an  angle 
of  35°,  and  at  an  altitude  o/"  30°  cibove  the  G.P. 

This  group  of  blocks  is  drawn  to  a  scale  of  -|-"  =  1'.  The 
supplementary  diagram  of  the  working  points,  etc.,  is  drawn  to 
a  scale  of  ^y  =  1'. 

The  point  v,  in  the  supplementary  diagram,  is  the  Y.P.  for 
the  H.T.  of  the  plane  containing  the  front  of  the  solid  B,  and  v 
the  V.P.  for  horizontal  lines  at  right  angles  to  the  H.T.  The 
line  joining  r  with  a.v.p.  is  the  Y.L.  for  the  plane  containing 
the  front  of  B,  and  a.v.p)!  the  A.^'.P.  for  lines  at  right  angles  to 
this  plane. 

Draw  a  line  making  an  angle  of  35°  with  d.p.  at  s^  and  pro- 
duce it  to  meet  h.l.  in  P.  With  P  as  centre,  and  Vs  as  radius, 
draw  an  arc  to  meet  h.l.  in  a.  Draw  a  line  making  an  angle  of 
30°  at  a  with  h.l.,  and  produce  it  to  meet  a  vertical  line  at  P 
in  L.  Then  L  is  the  Y.P.  of  the  sun's  rays,  and  LP  the  Y.L.  of 
the  plane  of  shade. 

Set  off  the  distances  between  these  points  to  six  times  this 
scale  in  the  larger  drawing,  commencing  at  C.Y. 

Assume  any  point  F  in  the  curve  forming  the  top  of  the 
cylinder  A,  and  find  its  seat  in  a.  Draw  a  line  from  n  to  P, 
meeting  a  line  from  F  to  L  in  /.  Select  any  number  of  points 
in  the  same  curve,  as  C  and  E,  and  determine  their  shadows  in 
a  similar  manner.     Draw  a  fair  curve  through  the  shadows  of 
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these  points.  Draw  tangents  to  the  ellipse,  forming  the  bottom 
of  the  cylinder,  towards  P,  to  touch  the  curve  forming  the 
shadow  of  the  top,  as  shown. 

Select  any  number  of  points  in  the  curves  of  the  solid  B, 


CLV.p. 


Fis.  152 


e.(/.  let  H  be  one  of  the  points  selected.  Draw  a  line  from  A.^^.P. 
through  H  to  meet  H.T.  in/  Draw  a  line  fromy  to  V  to  meet 
a  vertical  line  from  H  in  l.  Then  I  is  the  seat  of  H.  Determine 
the  seat  of  the  point  G  in  a  similar  manner  in  k.  Draw  a  line 
from  I  to  P  to  meet  the  base  of  the  cylinder  in  i.  Draw  a 
vertical  line  at  i  to  meet  a  line  drawn  from  H  to  L  in  h. 
Then  Ji  is  the  shadow  of  H  on  the  cylinder.     Determine  the 


214  COMPLETE  PERSPECTn'E  COURSE  chap. 

shadows  of  all  the  other  selected  points  in  a  similar  manner, 
and  draw  a  fair  curve  throngh  them  for  the  shadow  of  the  solid 
B  on  A. 

To  determine  the  shadow  of  B  on  the  G.P.,  draw  a  line  from 
k  to  P  to  meet  a  line  from  G  to  L  in  <j.  Select  any  number  of 
points  in  the  lower  part  of  B,  and  determine  their  shadows  in 
a  similar  manner.  Draw  a  fair  curve  through  the  shadows  of 
the  points,  as  shown. 

AVe  will  now  give  a  few  illustrations  of  projecting  shadows 
])y  means  of  an  oblique  plane  of  shade. 

Problem  77 

In  Fiff.  153,  i)  t's  a  vertical  rod,  and  DE  a  short  horizontal  rod 
fixed  on  the  top  of  B,  and  forming  the  letter  T.  C  is  a 
vertical  screen  inclined  to  the  P.P.  Project  the  shadous  of 
these  objects  hi/  means  of  an  ohlique  plane  of  shade ;  the 
sun  to  he  in  front  of  the  picture  in  a  vertical  plane  re- 
ceding to  the  left,  and  inclined  to  the  P.P.  at  an  angle  of 
45°,  and  at  an  cdfitude  of  15°  above  the  G.P. 

V  is  the  V.P.  for  the  horizontal  edges  of  the  screen  C,  and 
Y  the  Y.P.  for  lines  at  right  angles  to  it.  Y"  is  the  Y.P.  for  the 
line  BJE. 

Draw  a  line  making  an  angle  of  45°  at  S  with  D.I'.,  and 
produce  it  to  meet  H.L.  in  P.  With  P  as  centre,  and  radius  PS, 
draw  an  arc  to  meet  H.L.  in  A.  Draw  a  line  making  an  angle 
of  15°  at  A  with  H.L.,  and  produce  it  to  meet  a  vertical  line  at 
PinL. 

Determine  the  seat  of  the  point  D  on  the  screen  C  as 
follows  : — Draw  a  line  from  Y"  through  F  to  meet  a  vertical 
line  from  D  in  c.  Draw  a  line  from  c  to  Y  to  meet  the  lower 
edge  of  C  in  h.  Draw  a  vertical  line  at  h  to  meet  a  line  from 
D  to  Y  in  a.  Then  a  is  the  seat  of  D  on  the  screen  C.  Deter- 
mine h,  the  seat  of  B,  in  a  similar  manner.     Nom'  Y  is  the  A".P. 
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Ibr  the  lines  Da  and  Eh,  lieuce  to  find  the  V.L.  for  an  oblique 
plane  of  shade  we  must  draw  a  line  from  V  through  L  to  meet 
a  vertical  line  from  V  in  0  [102].  Y'O  is  the  V.L.  of  the  plane 
of  projection,  and  YO  the  V.L.  of  the  plane  of  shade,  0  being 
the  V.P.  for  lines  common  to  both  planes  [103]. 

Draw  a  line  from  a  to  0  to  meet  a  line  drawn  from  D  to 


Fig.  153 


L  in  d.  Find  e,  the  shadow  of  E,  in  a  similar  manner,  and  join 
dc,  which  is  the  shadow  of  DE. 

Draw  a  line  from  Y  to  V,  meeting  the  lower  edge  of  C  in  g. 
Draw  a  vertical  shadow  of  the  bar  B  from  g  to  meet  de. 

Draw  a  line  from  /  to  P  to  meet  a  line  from  j  to  L  in  i. 
Draw  a  line  from  i  to  V".  This  gives  the  shadow  of  the  screen 
C  on  the  G.P. 

If  we  produce  the  lower  edge  of  screen  C  to  meet  the  line 
from  F  to  V ',  we  obtain  the  point  k  ;  a  vertical  line  at  Jc  meets 
BE  produced  in  7i,  consequently,  hi  is  the  line  of  intersection 
of  the  screen  C,  and  a  vertical  plane  containing  the  line  BE,  and 
n  is  a  point  common  to  both  planes,  so  BE  and  de  produced 
will  meet  in  n. 


2l6 
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Problem  78 

Fig.  154  is  the  drawhrg  of  an  arcli  to  a  scale  of  ^"  =  1'.  Pro- 
ject its  shadow  hy  means  of  an  oblique  plane  of  shade ; 
the  sun  to  he  in  front  of  the  jiicture,  in  a  vertical  plane 
receding  to  the  right,  ami  inclined  to  the  P.P.  at  an  angle 
of  70"',  and  at  an  altitude  of  20""  alove  the  G.P. 

In  the  suiDplementaiy  drawing,  which  is  drawn  to  a  scale  of 


yToo 


-V  =  r,  iJ  is  the  V.P.  for  horizontal  lines  receding  to  the  left, 
and  v  for  those  receding  to  the  right. 

Draw  a  line  making  at  s  an  angle  of  70°  with  d.p.,  and 
produce  it  to  meet  h.l.  in  P.  AVith  P  as  centre,  and  Ps  as 
radius,  draw  an  arc  to  meet  //./.  in  a.  Draw  a  line  making 
an  angle  of  20°  at  a  with  h.l.,  and  produce  it  to  meet  a  vertical 
line  at  P  in  L.  Draw  a  line  from  v  through  L  to  meet  a 
vertical  line  draw^n  from  v  in  o.  Then  v'o  is  the  V.L.  of  the 
plane  containing  the  front  of  the  arch,  and  vo  is  the  V.L.  of  the 
plane  of  shade. 
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Set  off  the  distances  between  these  points  to  eight  times 
this  scale  in  tlie  larger  drawing,  commencing  at  C.V. 

Draw  from  0  a  tangent  to  the  arch.  This  determines  the 
point  A  from  which  the  shadow  commences.  Assume  any 
points  in  the  arch,  as  B,  C,  D,  E,  and  draw  lines  from  them  to  O, 
meeting  the  opposite  side  of  the  opening  in  the  points  F,  G,  H,  J. 
Draw  lines  from  these  points  to  Y,  meeting  lines  drawn  from 
B,  C,  D,  E  to  L,  in  the  points  h,  c,  d,  c.  Draw  a  fair  curve 
through  these  points  for  the  shadow  required. 

The  points  h,  c,  d,  c  are  in  planes  parallel  to  the  plane  con- 
taining tlie  front  of  the  arch,  for  which  Y'O  is  the  Y.L. 

Problem  79 

Fig.  155  is  the  draicing  of  a  semicircidar  recess,  the  top  of 
■which  is  a  quarter  of  a  sphere,  draicn  to  a  scale  if  ^"  =  l'. 
Project  its  shadow  ;  the  sun  to  he  in  front  of  the  picture, 
in  a  vertical  ^j/ane  receding  to  the  left,  and  inclined  to  the 
P.P.  at  an  angle  of  ^i^'',and  at  an  altitude  of  'Id"  above 
the  G.P. 

In  the  supplementary  drawing,  which  is  drawn  to  a  scale  of 
iV"  =  1',  1^  is  the  Y.P.  for  horizontal  lines  receding  to  the  left, 
and  v  for  those  receding  to  the  right. 

Find  the  Y.P.  of  the  sun's  rays,  and  the  Y.L.  of  the  plane 
of  shade,  in  a  similar  manner  to  that  described  in  the  preceding 
problem. 

We  shall  require  in  this  problem  an  A.M.P.  corresponding  to 
the  A.Y.P.  (o).     This  is  determined  in  the  following  manner : — 

Draw  a  line  through  c  (the  C.Y.)  at  right  angles  to  ov, 
meeting  it  in  c  (the  C.Y.L.).  Draw  a  line  {cs)  from  c  at  right 
angles  to  this  line.  With  c  as  centre,  and  radius  cs,  draw  an 
arc  to  meet  cs  in  -s'.  Join  s'c.  With  c  as  centre,  and  radius 
c's,  draw  an  arc  to  meet  the  line  c'c  produced  in  s".  With  o  as 
centre,  and  radius  os",  draw  an  arc  to  meet  ov  in  rn,  which  is 
the  A.M. P.  required. 
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Set  off  the  distances  between  these  points  to  eight  times 
this  scale  in  the  larger  drawing,  commencing  at  CX. 

Draw  from  0  a  tangent  to  the  arch.  This  determines  the 
point  A  from  which  the  shadow  commences.  Assume  any 
points  in  the  arch,  as  E,  F,  G,  and  draw  lines  from  them  to  0, 
meeting  the  opposite  side  of  the  arch  in  the  points  C,  S,  J.     These 


Fig.  155 

lines  are  the  front  edges  of  planes  parallel  to  the  plane  of  shade, 
which  form  sections  through  the  top  of  the  recess.  As  this  is 
a  quarter  of  a  sphere,  each  of  these  sections  is  a  semicircle. 
We  will  draw  one  of  these  semicircles  as  an  example. 

Draw  a  line  from  G  parallel  to  or'.  Draw  a  line  from  A.M.P. 
through  J  to  meet  this  line  in  K.  On  this  line  describe  a 
semicircle,  and  find  the  points,  as  shown  (Prob.  25).  Draw  a 
horizontal-  line  G  Q  =  GM.  Draw  a  line  from  G  to  V  to  meet 
a  line  from  Q  to  M'  in  X.  Draw  a  line  from  X  to  0  to  meet  a 
line  from  J  to  V  in  E.     Then  GXEJ  is  the  rectangle  GMTK 
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ill  perspective.  Find  the  necessary  points  for  drawing  the  semi- 
circle, as  shown  (Prob.  25).  Draw  a  semicircle  in  perspective 
on  each  of  the  other  lines,  as  shown,  in  a  similar  manner. 

Draw  lines  from  the  points  E,  F,  G  to  L,  meeting  the  semicircles 
in  the  points  c,f,  g.     Draw  a  fair  curve  through  these  points. 

To  project  the  shadow  of  the  remaining  portion  of  the  arch, 
assume  any  point  D,  and  draw  a  vertical  line  D/  Draw  a  line 
from  j  to  P  to  meet  the  back  of  recess  in  n.  Draw  a  vertical 
line  from  n  to  meet  a  line  from  D  to  L  in  d. 

The  lower  part  of  the  shadow  is  found  by  drawing  a  line 
from  h  to  meet  the  back  of  the  recess  in  h.  Draw  a  vertical 
line  from  k  to  meet  a  line  from  B  to  L  in  h.  Complete  the 
shadow,  as  shown. 


Shadows  cast  by  ApvTificial  Light 

We  will  take  a  similar  vertical  plane  {B,  Fig.  156)  to  that 
already  illustrated  in  Figs.  142, 
14.3,  and  144,  and  project  its 
shadow  on  the  G.P.  by  rays  of 
light  proceeding  from  the  lighted 
candle  (L). 

Let  P   be   the   seat   of  L. 
Draw  a  line  from  P  through  a 
to  meet  a  line  from  L  through 
D  in  d.     Then  d  is  the  shadow  of  D 
e  in  a  similar  manner,  and  join  dc 
the  plane  B. 

Fig.  157  represents  the  interior  of  a  room,  with  a  lighted 
candle  (L)  standing  upon  a  table  ;  a  picture  frame  (F)  hanging 
on  the  right-hand  wall ;  a  bell-pull  (E)  suspended  from  the 
ceiling ;  and  a  rod  (E)  leaning  against  the  table,  parallel  to  the 
wall  at  the  farther  end  of  the  room.  Project  the  shadows  of 
these  objects  upon  the  different  parts  of  the  room. 

First  determine  the  seats  of  the  corners  of  the  table  on  the 


Fig.  156 

Find  the  shadow  of  E  in 
Then  aced  is  the  shadow  of 
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floor  as  follows  : — Draw  a  vertical  line  from  A  to  meet  a  line 
drawn  from  P.D.  through  the  lower  end  of  the  table  leg  in  e. 
Draw  a  horizontal  line  from  c  to  meet  a  vertical  line  from  B 
in  /.  Draw  lines  from  e  and  /  to  C.Y.  to  meet  vertical  lines 
drawn  from  C  and  D  in  ^  and  Ix. 

Xext  determine  the  seat  of  L  on  the  floor  as  follows  : — Draw 
a  vertical  line  from  L  to  meet  the  top  of  the  table  in  n.     Draw 


Fit;.  157 


a  line  from  C.V.  through  n  to  meet  the  edge  of  the  table  in  /,'. 
Draw  a  vertical  line  from  Iz  to  meet  cf  in  /.  Draw  a  line  from 
I  to  C.V.  to  meet  a  vertical  line  from  L  in  V.  Then  P  is  the 
seat  of  L  on  the  floor. 

Draw  a  line  from  P  through  c  to  meet  a  line  from  L  through 
A  in  a.  Find  the  shadow  of  D  in  d,  in  a  similar  manner,  and 
join  acl.  Draw  a  line  from  P  through  /  to  meet  the  right-hand 
wall  in  i.  Draw  a  vertical  line  at  i  to  meet  a  line  drawn  from  L 
through  B  in  I).  Find  the  shadow  of  the  corner  C  in  c  in  a 
similar  manner,  and  join  he.     Draw  horizontal  lines  from  a  and 
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d  to  meet  the  right-hand  wall  in  m  and  0.  Join  nih  and  oc  to 
complete  the  shadow  of  the  table. 

Find  the  seat  of  L  on  the  right-hand  wall  as  follows  : — 
Draw  a  horizontal  line  from  V  to  meet  the  wall  in  q.  Draw  a 
vertical  line  from  q  to  meet  a  horizontal  line  from  L  in  p. 

Find  /•,  the  seat  of  S.  Draw  a  line  from  iJ  through  /•  to  meet 
a  line  from  L  through  S  in  s.  Find  the  shadows  of  the  other 
corners  of  the  frame  in  a  similar  manner,  and  join  them,  as 
shown. 

Between  the  upper  part  of  the  left-hand  wall  and  the 
ceiling  there  is  an  inclined  plane,  but  the  work  will  be  simplified 
if  we  assume  the  wall  and  the  ceiling  to  meet  at  right  angles,  as 
shown  by  dotted  lines. 

Find  the  seat  of  L  on  the  ceiling  in  P'.  Draw  a  line  from 
r'  through  v  to  meet  the  wall  produced  in  a:  Draw  a  vertical 
line  from  ic  to  meet  lines  drawn  from  L  througli  the  top  and 
bottom  of  the  ring,  as  shown.  Join  xy,  for  the  shadow  on  the 
inclined  plane. 

Assume  any  point  G  on  the  rod  (E),  and  find  its  seat  on  the 
floor  in  H.  Draw  a  line  from  P  through  H  to  meet  a  line 
from  L  through  G  in  J.  Join  JK,  cutting  the  end  wall  in  N. 
As  the  rod  is  parallel  to  the  end  wall,  so  its  shadow  on  the  wall 
must  be  parallel  to  the  rod.  Therefore,  draw  a  line  from  X, 
parallel  to  the  rod  (E),  to  meet  the  ceiling  in  Q.  As  the  ceiling 
and  floor  are  parallel  planes,  so  the  shadow  of  the  rod  upon 
them  must  also  be  parallel.  Produce  KJ  to  meet  the  H.L.  in 
V.  Draw  a  line  from  V  through  Q  to  meet  a  line  from  L 
through  the  end  of  the  rod  in  U. 

PiEFLECTION 

The  line  M  (Fig.  158)  represents  the  edge  of  a  mirror,  called 
the  j;/ff ?ie  of  refliiction.  I'  is  a  point,  and  E  the  position  of  the 
eye.  A  ray  of  light  from  P,  reflected  from  the  mirror  to  the 
eye,  first  travels  from  P  to  c,  and  then  from  c  to  E.     The  line 


222  COMPLETE  PERSPECTIVE  COURSE  chap,  xi 

he  is  at  right  angles  to  the  plane  of  reflection,  and  by  a  well- 
known  law  in  physics  the  angle  Pc&,  called  the  angle  of  inci- 
dence, is  always  equal  to  the  angle  'Ecb,  called  the  angle  of 
reflection. 

We  determine  the  reflection  of  an  object  by  first  selecting 
certain  points  contained  by  it,  and 
then  finding,  by  the  above  law,  their 

--,--y   apparent  position  on  the  surface  of 

the  mirror.     By  joining  these  points 
in  a  corresponding  manner  to  those 
of  the  object,  we  obtain  the  shape 
of  the  reflected  image. 
^'--  ^^^  The  reflection  of  the  point  P  will 

appear  in  the  direction  of  the  line  £/:>,  and  the  distance  Pa  will 
appear  equal  to  the  distance  ap.  Consequently,  a  line  joining  a 
point  v:ith  its  apparent  position  in  a  mirror  is  ahvaijs  at  right 
angles  to  the  plane  of  refection,  and  bisected  hg  it.  Hence,  if 
we  draw  a  line  from  a  point  to  meet  a  mirror  at  right  angles, 
and  produce  it  in  perspective  to  an  equal  distance  beyond, 
we  shall  obtain  the  apparent  reflection  of  tlie  point.  If  we 
bear  this  in  mind  we  shall  be  able  to  simplify  the  work  of 
finding  the  reflection  of  given  points,  as  we  need  not  then 
trouble  ourselves  about  the  incident  and  reflected  rays.  This 
method  is  applicable  to  a  mirror  placed  in  any  position  what- 
ever. 

Fig.  159  represents  the  reflection  of  several  objects  in  calm 
water,  the  surface  of  which  is  the  plane  of  reflection.  The 
reflections  are  determined  by  selecting  certain  points  on  the 
objects,  and  repeating  their  distances  from  the  plane  of  reflec- 
tion, below  its  surface,  on  lines  at  right  angles  to  it ;  e.g.  the  line 
Aft  is  produced,  and  the  distance  aA'  is  made  equal  to  aA  ;  the 
line  B&  is  produced,  and  5B'  is  made  equal  to  IB.  Any  other 
point  may  be  determined  in  a  similar  manner. 

To  find  the  reflection  of  the  arch.  Join  CD.  Assume  any 
points  in  the  curve,  E  for  instance.     Draw  a  vertical  line  from 
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E,  intersecting  CD  in  c.  Make  cE'  equal  to  e'E.  Determine  the 
reflection  of  any  otlier  points  in  the  curve  in  a  similar  manner, 
and  draw  a  fair  curve  through  them. 

To  lind  the  reflection  of  the  pipe.  Draw  a  vertical  line  from 
G,  intersecting  CD  produced  in  fj.  Draw  a  horizontal  line  from 
g  to  meet  a  vertical  line  from  H  in  h.  Make  gG'  =  r/Gr,  and 
hW  =  /iH.     Join  H'G',  and  complete  the  pipe,  as  shown. 

There  is  a  point  in  tiiis  drawing  that  is  worth  the  student's 
special  attention.  The  point  K'  is  the  reflection  of  K ;  now 
the  connection  of  K  with  a  horizontal  plane  is  hidden  by  the 
shrubs  in  front  of  the  object  to  which  it  belongs.  Without  this 
connection  we  are  unable  to  tell  its  distance,  unless  we  have 
other  data  (described  in  Prob.  56),  but  we  could  determine  its 
distance  in  this  instance  from  its  reflection  ;  for  example,  we 
know  that  a  point  midway  between  K  and  K'  must  be  on  tlie 
surface  of  the  plane  of  reflection  as  Jr,  and  from  this  point  we 
could  determine  the  distance  of  K  (Prob.  42). 

Problem  80 

1.  Let  A  (Fig.  160)  he  a   triangular  prism  hjing   on    the  G.P. 

Assume  the  G.P.  to  he  the  'plcn*"  ']/  reflection.  Shoiv  the 
reflection  of  the  ohjcct. 

2.  M  is  a  vertical  plane  at  right  angles  to  thr   P.P.      Assume 

this  to  he  the  iilane  of  reflection.  Show  as  much  of  the 
irrism  and  its  reflection  in  the  horizontal  plane  as  tvoulcl 
he  reflected  in  this  vertical  plane. 

1.  Draw  a  vertical  line  from  k,  and  make  2V~^P-  Joi"  jf 
andyi.  Proceed  in  a  similar  manner  with  the  opposite  end  of 
the  prism,  and  joiner. 

2.  Draw  a  horizontal  line  from  /,  intersecting  the  lower  edge 
of  the  plane  M  in  g.  Make  gf  =fg.  Eind  the  reflection  of  i 
in  a  similar  manner,  to  find  i'.  Join  fi'.  Draw  a  horizontal 
line  from  2^  to  meet/T  in  p/.     Draw  a  vertical  line  at  p)'  to  meet 
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a  horizontal  line  from  k  in  /.'.  Join  k'  to  /'  and  / ".  Produce  the 
line  k'p'  to  meet  a  liorizontal  line  from  j  and  /.  Join  /  to  % 
and/'.  Find  the  opposite  end  of  the  prism  in  a  similar  manner 
and  complete  the  drawing,  as  shown. 

The  supplementary  diagram  shows  a  plan  of  the  prism  (a), 
and  the  apparent  position  of  its  reflection  {a'),  as  well  as  the 
position  of  the  plane  of  reflection  (m).  Now  the  prism  («)  forms 
an  angle  of  40"'  with  m.     Consequently,  a'  forms  the  same  angle. 


a\.w-  -Ad,  /a'/ ? 


Fig.  160 


as  shown.  So  the  longer  edges  of  a  are  inclined  to  the  P.P.  at 
an  angle  of  50'  on  the  right.  If  we  find  the  V.P.  for  lines 
receding  at  this  angle,  as  t,  we  shall  be  able  to  determine  the 
reflection  of  the  prism  by  another  method,  which  is  very  useful 
in  complicated  subjects  ;  e.g.  produce  the  line  nf  to  meet  the 
lower  edge  of  M  produced  in  q.  Draw  a  line  from  q  to  v  (the 
V.P.  of  the  reflection  in  the  vertical  mirror)  to  meet  horizontal 
lines  drawn  from  /  and  n  in  /'  and  n.  Tlie  reason  for  this  is 
seen  in  the  supplementary  drawing,  where  hd  is  the  base  of  an 
isosceles  triangle  bisected  by  the  plane  of  the  mirror,  while  he 
and  cle  are  the  two  equal  sides  of  the  triangle.  Consequently, 
dc  —  he. 

Q 
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Troblem  81 

Zei  A  (Fig.  161)  he  an  equilateral  triangular  jn-ism  with  the 
edge  BC  receding  to  the  right  at  an  angle  of  55^  vjith  the 
P.P.,  and  let  M  he  a  rerfieal  plane  of  reflection,  parallel 
to  the  piicture.      Determine  the  reflection  of  the  pj^'isni. 

If  we  refer  to  the  supplementary  diagram,  in  which  a  is  a 
plan  of  the  prism,  a'  the  apparent  position  of  its  reflection,  and 
Qn  the  position  of  the  plane  of  reflection,  we  shall  see  that,  in 
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Fig.  161 

accordance  with  the  law  of  reflection  already  laid  down,  the 
reflection  d'c  of  the  edge  cd  will  form  an  angle  with  the  P.P.  of 
55'  to  the  left,  and  that  lines  joining  the  points  of  the  prism 
with  the  corresponding  points  in  the  reflection  are  at  right 
angles  to  the  P.P. 

Find  the  \.V.  for  horizontal  lines  receding  to  the  left  at  an 
angle  of  55'',  as  v.  l*roduce  the  line  BC  to  meet  the  lower  edge 
of  M  produced  in  e.  Draw  a  line  from  e  to  v  to  meet  a  line 
from  C  to  C.Y.  in  C. 

Determine  all  the  other  points,  the  construction  for  which 
is  shown,  in  a  similar  manner,  and  join  them  to  complete  the 
reflection. 
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Problem  82 

1.  Let  A  (Fig.  162)  he  an  equilateral  triangular  j'j/'isw,  and 

M  an  inclined  i)lane  of  reflection,  of  which  the  line  cd    is 
the  picture  line.      Find  the  reflection  of  the  2>risni. 

2.  Let  M'  he  a  horizontal  plane  of  reflection,  of  wliich  the  line 

pq  is  the  picture  line.   Find  the  reflection  of  the  prism. 


FiK.  162 


1.  Draw  a  horizontal  line  from  a  to  meet  the  lower  edge  of 
M  in  h.  Draw  the  line  he  parallel  to  cd.  Draw  a  line  from  a 
at  right  angles  to  he  produced,  and  intersecting  it  in  /.     Make 

fa'  =fa.  Determine  the  reflection  of  all  the  other  points,  the 
constraction  for  which  is  shown,  in  a  similar  manner,  and  join 
them  to  complete  the  reflection. 

2.  Produce  (ja  to  meet  the  G.L.  in  /.  Draw  a  vertical  line 
from  j  to  meet  pq  in  h.     Draw  a  line  from  h  to  V.     Draw  a 
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vertical  Hue  from  w,  intersecting  the  line  from  k  to  V  in  o. 
Make  on'  =  on.  Determine  the  other  points  in  a  similar  manner, 
and  join  them,  as  shown. 

The  following  articles  contain  the  rules  for  finding  the  V.P.'s 
for  the  reflected  image  in  different  jpositions.  They  are  numbered 
in  contimiation  of  those  at  the  beginning  of  this  chapter. 

107.  The  Y.P.  for  the  reflection  of  lines  at  \\2\\t  angles  to 
a  mirror  obviously  coincides  with  the  V.P.  for  the  original  lines, 
for  in  fact  they  are  the  same  lines  ;  e.g.  the  line  drawn  from  C 
to  C.V.  (Fig.  161)  is  at  right  angles  to  the  mirror  {M),  and  its 
reflection  is  a  continuation  of  the  same  line. 

108.  The  V.P.  for  the  reflection  of  lines  parallel  to  a  mirror 
obviously  coincides  with  the  Y.P.  for  the  original  lines,  for  they 
all  belong  to  the  same  set  of  jDarallel  lines ;  e.g.  the  line  Ih  (Fig. 
1(30)  is  parallel  to  the  horizontal  plane  of  reflection,  and  its 
reflection  /'/,  if  produced,  would  meet  H.L.  in  V.  Also  the  top 
of  the  prism  (Fig.  162)  is  parallel  to  the  mirror  {M'),  and  the 
lines  of  its  reflection  converge  towards  the  same  V.P.'s. 

109.  When  a  mirror  is  a  vertical  plane,  either  at  right  angles 
or  parallel  to  the  P.P.,  the  V.P.'s  for  horizontal  lines  reflected 
therein  is  on  the  H.L. — for  the  reflections  are  also  horizontal,  and 
at  the  same  distance  from  C.V.  as  the  V.P.'s  for  the  original  lines, 
but  in  an  opposite  direction  ;  for  in  both  cases  the  original  lines 
and  their  reflections  are  equally  inclined  to  the  P.P.,  but  in 
opposite  directions  ;  e.g.  the  V.P.  (z')  for  the  horizontal  lines 
in  the  reflected  image  (Figs.  160  and  161)  will  be  found  to  be 
at  the  same  distance  from  C.V.  as  the  V.P.  for  the  corresponding 
lines  of  the  object,  but  in  an  opposite  direction. 

110.  The  point  r  (Fig.  160)  is  said  to  be  the  reflection  of  the 
vanishing  point  V.  The  two  lines  //.-,  nl,  if  produced,  would  meet 
in  an  A. V.P.  The  reflection  in  the  H.P.  of  these  two  lines  {fj, 
nl'),  if  produced,  would  meet  in  a  point  directly  under  the  A.V.P., 
and  at  the  same  distance  from  the  H.L.  This  point  would  be 
called  the  reflection  of  A.V.P. 
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111.  To  find  the  Y.P.'s,  etc.,  for  drawing  the  reflection  of  an 
object,  in  an  oblique  position,  in  a  vertical  plane  parallel  to  the 
P.P.  In  the  first  place,  we  know  that  the  position  of  a  reflected 
image  in  reference  to  the  original  object  is  always  reversed. 
This  of  course  is  familiar  to  any  one  who  has  looked  at  himself 
in  a  mirror  ;  his  right  hand  appears  to  be  his  left,  and  rice  versa. 
This  being  the  case,  we  have  only  to  reverse  the  relative  positions 
of  the  Y.P.'s,  A.V.P.'s,  V.  lines,  etc.,  of  the  original  object,  with 
reference  to  the  C.V.  and  H.L.,  to  find  the  corresponding  points 
for  drawing  the  reflection;  e.^.the  A.Y.P.  for  the  line/C  (Fig.  161) 
will  be  on  a  vertical  line  from  V  below  the  H.L.  ;  the  A.Y.P. 
for  the  reflection  of  this  line  {O'f)  will  be  on  a  vertical  line  at  r, 
and  the  same  distance  above  r  as  the  A.Y.P.  for  tlie  original  line 
is  below  Y'.  The  same  rule  applies  to  objects,  in  an  oblique 
position,  reflected  in  a  mirror  in  a  horizontal  position. 

112.  To  find  the  Y.P.'s,  etc.,  for  drawing  the  reflection  of  an 
object,  in  an  oblique  position,  in  a  vertical  mirror  at  right  angles 
to  the  P.P.  The  Y.P.'s,  A.A^P.'s,  etc.,  of  the  reflected  image  are 
transferred  to  corresponding  positions  on  the  opposite  side  of  the 
C.Y.  to  those  occupied  by  the  corresponding  Y.P.'s,  etc.,  of  the 
original  object. 

113.  The  following  is  a  useful  method  for  finding  the  Y.P.'s, 
etc.,  for  drawing  the  reflection  of  an  object  in  an  oblique  position, 
when  the  mirror  is  in  any  of  the  following  positions,  viz.  in  a 
plane  parallel  to  the  P.P.,  in  a  j^lane  at  right  angles  to  the  P.P., 
or  in  a  horizontal  plane. 

Assume  the  spectator  to  be  on  the  opposite  side  of  the  P.P., 
at  the  required  distance,  and  looking  back  towards  the  P.P.  Then, 
if  all  the  working  points,  etc.,  for  drawing  the  original  object 
are  determined  from  the  given  data,  their  positions  on  the  P.P. 
will  represent  the  working  points  for  drawing  the  reflection. 

It  should  be  observed  that  all  the  above  rules  relatins  to 
mirrors  follow  at  once  from  the  simple  fact  that  every  real  point 
has  its  corresponding  reficdion  opposite  to  itself  in  the  mirror, 
and  at  an  equal  distance  from  the  mirror  on  the  other  side. 
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It  is  generally  of  great  assistance,  as  we  have  seen,  to  draw 
reflected  points  in  plan  as  if  they  tcere  real  i^oints,  and  then  throw 
the  whole  into  perspective. 

114.  When  the  mirror  is  inclined  to  the  P.I*.,  or  to  the  G.P., 
or  to  both  planes,  we  mnst  calculate  the  angles  that  the  several 
lines  of  the  reflected  image  form  with  the  P.P.,  and  determine 
the  positions  of  their  Y.P.'s,  etc.,  as  illustrated  in  the  following 
problem. 

Problem  83 

In  Fig.  163  ^  is  a  rectangidar  object  resting  on  the  G.P.,  and 
inclined  to  the  P.P.  at  an  angle  of  50°  on  the  right.  31  is 
a  i^lane  of  reflectioyi  indicted  to  the  G.P.  at  an  angle  of 
70°,  and  with  its  H.T.  inclined  to  the  P.P.  at  an  angle  of 
30°  on  the  left.  Determine  the  reflection  of  the  solid  in 
the  plane  M. 

Scale  1"  =1'. 

In  the  larger  supplementary  diagram,  which  is  drawn  to  a 
scale  of  Y^— "  =  1',  r  and  v  represent  the  v.p!^  of  the  object,  and 
s  the  station  point.  From  these  points  we  will  proceed  to 
determine  the  positions  of  all  the  other  working  points,  etc. 
Draw  lines,  making,  at  s  with  d.p.,  an  angle  of  30°  on  the  left  and 
60°  on  the  right,  and  produce  them  to  meet  the  h.l.  in  t  and  t'. 
Then  t  is  the  v.p.  for  the  h.t.  of  the  plane  of  reflection,  and  t'  a  v.p. 
for  horizontal  lines  at  right  angles  to  it. 

Draw  a  vertical  line  through  t'  for  the  v.l.  of  a  vertical  plane 
at  right  angles  to  the  h.t.  of  the  plane  of  reflection.  With  t'  as 
centre,  and  t's  as  radius,  draw  an  arc  to  meet  h.l.  in  s.  Then  t's 
is  the  distance  of  the  station  point  from  the  v.l.  Draw  a  ver- 
tical line  d.p.'  through  s. 

As  the  plane  M  is  inclined  to  the  G.P.  at  an  angle  of  70°, 
i.e.  at  20°  to  the  vertical,  lines  at  right  angles  to  M  will  be 
inclined  at  an  angle  of  70°  with  the  vertical.  Set  off  these 
angles  at  s  with  d.p',  and  produce  them  to  meet  the  vertical 
line  through  f  in  the  points  p)  and  p.     Then p  is  the  a.v.i?.  for 
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lines  at  right  angles  to  the  plane  J/,  andy/  for  lines  parallel  \o 
M  and  at  right  angles  to  its  horizontal  trace. 

We  must  now  determine  the  v.l.  for  the  reflection  of  the  G.l'., 
as  well  as  for  lines  at  right  angles  to  it,  as  follows  : — 

The  plane  M  is  inclined  to   the  G.P.  at  an  angle  of  70°, 


Fig.  163 

therefore  the  reflection  of  the  G.P.  must  also  be  inclined  at  an 
angle  of  70°  with  M.  Consequently  the  reflected  G.P.  will  form 
an  angle  of  140^  with  the  G.P.  (70°  +  70°  =  140°),  i.e.  an 
angle  of  50°  with  the  vertical  (140'  —  90°  =  50°),  and  a  line  at 
right  angles  to  the  reflected  G.P.  will  form  an  angle  of  40°  with 
the  vertical.  Draw  lines  making  these  angles  at  s  with  d.p.',  and 
produce  them  to  meet  the  vertical  line  through  t'  in  r  and  r. 
Join  rt,  which  is  the  v.l.  for  the  reflected  G.P.,  /  being  the  a.v.j). 
for  lines  at  ritiht  angles  to  it. 
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We  will  now  refer  to  the  smaller  supplementary  diagram,  in 
which  a  is  the  plan  of  the  object,  and  m  the  position  of  the  h.t. 
of  the  plane  of  reflection.  The  line  cc  is  the  plan  of  the  apparent 
position  of  the  line  ce  in  the  reflection.  Xow  ce  is  inclined  to 
h.t.  at  an  angle  of  SO*"  (50°  +  30°),  consequently  cc  must  also  be 
inclined  at  an  angle  of  80°  to  it.  AVe  will  now  proceed  to  find 
the  a.v.p.  for  the  line  cc',  as  well  as  for  the  line  c'd'  at  right  angles 
to  it,  in  the  larger  supplementary  drawing. 

Draw  a  line  through  c  at  right  angles  to  tr,  and  meeting  it 
in  c.  Draw  a  line  from  c  at  right  angles  to  cc,  and  equal  in 
length  to  cs,  to  find  s".  With  a  as  centre,  and  radius  c's",  draw 
an  arc  to  meet  cc  produced  in  s".  Join  d"  to  t,  which  is  the 
position  of  the  vanishing  parallel  for  the  h.t.  of  the  plane  of 
reflection,  with  reference  to  the  v.I.  for  the  reflected  G.P.  Draw 
a  line  making  an  angle  of  80°  at  s"  with  s"'t,  and  produce  it  to 
meet  tr  in  /•".  Also  draw  a  line  making  an  angle  of  90°  at  s" 
with  s"'r",  and  produce  it  to  meet  rt  produced  in  /■'".  Then  r'" 
is  the  v.p.  for  the  reflection  of  those  horizontal  lines  that  recede 
to  the  left,  and  t"  that  of  those  receding  to  the  right. 

Set  off  the  distances  between  these  points  to  eight  times 
this  scale  in  the  larger  drawing,  commencing  at  C.V.  In  re- 
ferring to  these  points,  we  shall  denote  them  by  the  capital 
letters  corresponding  to  the  small  letters  in  the  supplementary 
diagram. 

Find  the  seats  of  the  several  points  of  the  object  A  on  the 
G.P. ;  e.g.  the  seats  of  the  points  i  and  A  are  k  and  j.  Join  kj, 
and  produce  the  line  to  meet  H.T.  in  /.  Draw  a  line  from  P' 
through/  to  meet  ih  produced  in  g.  Draw  lines  from  /  and 
g  to  R,  meeting  lines  drawn  from  j  and  A  tQ  P  in  /  and  h'. 
Determine  all  the  other  points  in  a  similar  manner,  and  join 
them,  as  shown,  to  complete  the  reflection  of  the  object. 

The  lines  jf,  fj'  form  equal  angles  with  the  plane  M,  and 
the  line  J?/  is  at  right  angles  to  the  plane,  consequently  it  is  the 
base  of  an  isosceles  triangle. 

In   the    Science    and    Art    examinations  (Advanced   Stage) 
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questions  are  also  set  on  the  projection  of  shadows  by  means  of 
orthographic  projection.^ 

EXERCISES 

Practice 

Note. — The  objects  selected  for  the  following  exercises  sJumld  he  first 
drawn  to  twice  the  scale  given. 

1.  Cast  upon  the  ground  plane  the  shadow  of  the  prism  in 
Fig.  62  ;  the  sun  to  he  in  the  plane  of  the  picture,  and  on  the 
spectator's  left  at  an  altitude  of  -40'  above  the  ground  plane. 

Show  the  reflection  of  the  prism  in  the  ground  jilane. 

2.  Cast  upon  the  ground  plane  the  shadow  of  the  object 
shown  in  Fig.  52  ;  the  sun  to  be  behind  the  picture  in  a  vertical 
plane  inclined  to  the  picture  at  an  angle  of  30'  on  the  left  and  at 
an  altitude  of  40'  above  the  ground  jjlane. 

3.  Project  on  the  ground  plane  the  shadow  of  the  prism 
(Fig.  64) ;  the  sun  to  be  in  front  of  the  picture  in  a  vertical  plane 
receding  to  the  right,  and  inclined  to  the  picture  at  an  angle  of 
40'  and  at  an  altitude  of  30'  above  the  ground  plane. 

Show  the  reflection  of  the  object  in  the  ground  plane. 

4.  Determine  the  reflection,  in  a  vertical  plane  at  right  angles 
to  the  picture  and  5  feet  to  the  spectator's  left,  of  the  object 
shown  in  Fig.  55. 

5.  Show  the  reflection,  in  a  vertical  plane  parallel  to  the 
picture  and  10  feet  from  it,  of  the  object  shown  in  Fig.  63. 

6.  Cast  uj^on  the  ground  j^lane  the  shadow  of  the  object 
shown  in  Fig.  125  ;  the  sun  to  be  behind  the  picture  in  a  vertical 
plane  inclined  to  the  picture  at  an  angle  of  30°  on  the  left  and  at 
an  altitude  of  35°  above  the  ground  plane. 

Show  the  reflection  of  tlie  object  in  the  ground  plane. 

7.  Assume  a  A'ertical  plane  at  right  angles  to  the  picture  and 
5  feet  to  the  spectator's  right  in  Fig.  126.  Also  assume  a  lighted 
candle  to  be  placed  7  feet  from  the  picture,  5  feet  to  the  spectator's 
left,  and  7  feet  above  the  ground  plane.  Project  the  shadows  of 
the  object  upon  the  ground  plane  and  vertical  plane. 

8.  Find  the  reflections  in  the  ground  plane  of  the  objects  shown 
in  Fig.  152. 

Theory 

1.   What  is  the  difierence  between  shade  and  shadow  [89-90]  ? 

^  This  subject  is  fully  treated  of  iu  Spauton's  Complete  Geometrical  Course : 
Macmillan  and  Co. 
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2.  What  is  a  plane  of  shade  [100]  ?  How  is  the  vanishing  line 
of  a  plane  of  shade  determined  [102]? 

3.  Explain  why  in  the  perspective  representation  of  shadows 
the  sun's  centre  may  be  represented  bj'  a  definite  point  on  the 
picture  [96]. 

4.  What  is  the  essential  difference  between  shadows  cast  by  the 
sun's  rays  and  those  cast  by  a  lighted  candle  [92-93]  ? 

5.  What  is  the  plane  of  projection  [95]  ? 

6.  What  is  the  seat  of  a  point  [104]  ?  How  would  the  seat  of 
the  vanishing  point  of  the  sun's  rays  be  determined,  and  what  is  it 
called  [99]  ? 

7.  In  what  position  would  the  sun  be  if  the  rays  of  light  were 
geometrically  parallel  to  each  other  in  the  picture  [98]  1 

8.  Distinguish    between  a  vertical   and   oblique   plane  of   shade 

9.  Describe  a  simple  method  for  finding  the  reflection  of  a 
point  in  a  mirror  placed  at  any  angle  with  the  picture  and  ground 
plane  (p.  222). 

10.  How  are  the  reflections  of  V.P.'s,  etc.,  determined  in  a 
mirror  placed  as  follows — 

(a)  In  a  vertical  plane  at  right  angles  to  the  picture  [112]  ? 
{h)  In  a  vertical  plane  parallel  to  the  picture  [111]? 
(c)  In  a  horizontal  plane  [111]  ? 


CHAPTEE   XII 

rERSPECTIVE   APPLIED    TO    SKETCHING   FROM   NATURE 

Note. — The  numerals  enclosed  in  hrcickets  refer  to  the  numhers  of 
the  articles  in  Chap.  II. 

This  cliapter  shows  how  the  main  Hues  of  a  drawing  may 
be  set  out,  by  the  rules  of  perspective,  directly  from  the  object, 
as  in  sketching  from  nature. 

We  should  first  determine  the  position  of  the  horizon  line 
[18],  which  depends,  in  the  first  place,  upon  the  height  of  the 
eye  ;  for  instance,  if  the  spot  from  which  we  are  making  our 
sketch  is  situated  at  a  high  level  above  the  ground  plane  [2], 
we  should  place  the  horizon  line  high  upon  our  drawing ;  but 
if  we  were  making  our  sketch  from  a  low  level — sitting  in  a 
small  boat,  for  example — we  should  make  the  position  of  the 
horizon  line  correspondingly  low.  Again,  if  we  were  standing 
on  the  ground  plane,  a  very  convenient  height  to  draw  the 
horizon  line  would  be  one-third  the  height  of  the  drawing  for 
an  ordinary  landscape.  The  position  of  the  horizon  line  also 
depends  upon  the  amount  of  foreground  we  wish  to  show,  as 
explained  in  Article  50, 

Let  us  imagine  we  are  about  to  sketch  the  view  shown  in 
Fig.  164.  Having  drawn  a  horizontal  line  for  the  horizon  line 
(H.L.)  at  about  one-third  the  height  of  our  drawing,  take  a  piece 
of  string  and  tie  a  knot  at  each  end  ;  the  distance  between  the 
knots  to  be  equal  to  the  length  of  the  diagonal  {be)  of  our 
drawing-.     Place  one  knot  between  the  teeth  and  hold  the  other 
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knot  under  the  thumb,  against  the  sketching  block.  Hold  the 
block  in  a  vertical  position,  as  far  from  the  eye  as  the  length  of 
the  string  will  permit  and  at  right  angles  to  the  string.  Turn 
the  head  till  the  drawing  or  sketching  block  covers  the  subject 
we  wish  to  sketch,  keeping  tlie  horizon  line  level  with  the  eye, 
i.e.  level  with  the  horizon.  The  extent  of  the  subject  covered 
by  the  sketching  block  will  then  be  within  the  field  of  vision 
[44].  Now  notice  where  the  edges  of  the  block  appear  to  cut 
tlie  subject.  In  the  first  place,  see  wliere  the  lower  edge  of  the 
block  appears  to  cut  the  roadway,  which  can  be  denoted  by  any 


i-^^'^x 


m. 


^ffe-^^ 


Fig.  lt)4 

marks  or  stones  on  the  road.  This  will  mark  the  limit  of  the 
foreground  in  the  sketch  [50].  Xext  notice  where  the  vertical 
edges  of  the  block  appear  to  cut  the  trees  in  the  background. 
These  positions  will  mark  the  lateral  extent  of  the  sketch. 

Slightly  lower  the  sketching  block,  so  that  the  angle  A  of 
the  nearest  building  can  be  seen  over  the  top  of  the  block,  and 
mark  its  apparent  position  (a)  on  the  upper  edge.  From  a  draw 
a  vertical  line  to  meet  the  line  HL  in  c.  Now  remove  th(^ 
block  from  its  vertical  position,  so  that  we  can  see  the  -whole 
of  the  subject. 

AVe  will  now  turn  to  Fig.  165,  which  represents  the  sketch 
to  a  larger  scale,  and  in  which  E  represents  the  point  (c)  which 
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we  have  just  determined.  Hold  a  pencil  in  a  vertical  position 
at  the  end  of  the  string,  and  measure  upon  it  the  apparent 
lieight  of  EF,  and  transfer  it  to  the  draAviug.  Take  a  small 
rectangular  piece  of  stiff  paper — an  ordinary  visiting-card  will 
answer  the  purpose — and  hold  it  in  a  vertical  position,  with 
one  edge  covering  the  line  EF,  and  one  corner  covering  F. 
The    card    may  be  held    at    any  distance    from    the   eye  ;    its 


Fig.  165 

position  is  indicated  by  the  letters  FBCD.  Mark  the  edge 
of  the  card,  where  the  receding  line  FG  appears  to  cut  it,  as  G. 
Place  tlie  card  in  a  corresponding  position  on  the  drawing  and 
mark  the  point  G.  Join  FG,  and  produce  the  line  to  meet 
the  edge  of  the  sketching  block  in  J. 

Proceed,  in  the  same  manner,  to  find  the  receding  line  FK, 
and  produce  it  to  meet  the  edge  of  the  sketching  block  in  X. 

If  we  were  to  produce  the  lines  FG  and  FK  to  meet  the  line 
HL  (the  horizon),  also  produced,  we  should  obtain  the  vanishing 
points  for  lines  parallel  to  FG  and  FK  respectively ;  but  as  it 
is  advisable,  when  sketching  from  nature,  to  restrict  all  our 
construction  to  the  limits  of  our  sketching  block,  we  will  deter- 
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miue  the  perspective  representation  of  the  other  receding  lines 
in  the  following  manner  : — 

Divide  the  line  EF  into  any  number  of  equal  parts  (-i)  : 
also  the  line  HX  and  the  line  LJ  into  the  same  number  of  equal 
parts,  and  joiu  the  corresponding  points.  These  divisions  may 
be  repeated  on  each  of  the  lines,  as  well  as  below  HL,  and  the 
corresponding  points  joined,  as  shown. 

These  lines  converge  towards  their  respective  vanishing 
points  on  the  horizon  line,  and  form  guiding  lines  for  drawing  the 
receding  lines  in  the  sketch.  The  divisions  on  the  vertical  lines 
could  be  subdivided  if  necessary,  and  the  corresponding  points 
joined  by  lines,  so  as  to  form  guiding  lines  nearer  the  lines  we 
vish  to  draw  ;  they  could  also  be  determined  by  the  construction 
showu  in  Prob.  44. 

To  determine  the  various  widths  of  the  buildings,  place 
the  sketching  block  in  a  vertical  position  at  the  end  of  the 
string,  as  before,  with  the  point  A  covering  the  nearest  angle  ; 
and  mark  off  upon  its  upper  edge  the  several  widths,  as  E  and 
S,  and  draw  vertical  lines  from  them,  as  shown  (Fig.  165). 

To  determine  the  inclination  of  the  lines  receding  in  an 
opposite  direction,  e.g.  the  ridge  of  the  nearest  roof  on  the  right, 
select  one  of  the  guiding  lines  receding  to  the  left,  at  a  convenient 
height,  and  produce  it,  as  PQ. 

If  we  wish  to  take  less  of  the  subject  in  our  sketch,  we 
should,  of  course,  take  up  our  position  nearer  the  portion  we 
wish  to  draw. 

"We  will  now  show  how  these  lines  could  be  determined 
without  using  the  piece  of  string  or  the  card. 

In  any  convenient  position  on  our  sketching  block,  let  us 
draw  a  vertical  line  o/'  (Fig.  166),  to  represent  as  much  as  we 
can  see  of  the  nearest  angle  of  the  nearest  building.  The  length 
of  this  line  may  be  selected  at  pleasure,  and  will  depend  upon 
the  size  we  wish  to  represent  the  building. 

Hold  a  pencil  horizontally,  at  arm's  length,  and  as  near  the 
level  of  the  eye  as  we  can  judge,  and  notice  where  it  appears  to 


XII     PERSPECTIVE  APPLIED  TO  SKETCHING  FROM  NATURE    239 

•cut  the  line  af,  and  mark  the  point  in  a  corresponding  position 
on  our  drawing,  as  c.  DraAV  a  horizontal  line  HL  through  ' 
for  the  horizon  line.  Hold  the  pencil  horizontall)'  at  arm's 
length  again,  and  measure  the  apparent  distance  between  the 
vertical  lines  on  the  right,  as  hj.  Turn  the  pencil  vertically  and 
compare  this  measurement  with  the  line  af.  Let  us  assume  it  to 
measure  one  half  of  af.  Set  oft'  this  proportion  horizontally,  to 
the  right  of  af  on  the  drawing,  as  hg,  and  draw  a  vertical  line 
through  g.  Hold  the  pencil  horizontally,  as  before,  on  the  point 
f),  and  notice  where  it  appears  to  cut  the  line  af,  as  h.  jMark  a 
corresponding  point  h  on  the  drawing,  and  draw  a  horizontal 
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Fig.  166 

line  from  it  to  cut  the  vertical  line  on  the  right  in  g.  Join^/, 
and  produce  the  line  to  meet  the  edge  of  the  sketching  block  in 
j.  Determine  the  line/^t  on  the  other  side  of  the  building  in  a 
similar  manner.  Divide  the  lines  cf,  H?i,  and  L/'  into  a  corre- 
sponding number  of  equal  parts,  and  join  the  respective  divisions 
by  lines,  as  shown  in  Fig.  165.  The  other  parts  of  the  building 
can  be  determined  by  holding  a  pencil  at  arm's  length,  taking  the 
required  measurements,  and  comparing  tliem  with  the  line  af 
in  the  building,  and  tlien  setting  them  off  to  a  corresponding 
proportion  of  the  line  af  on  the  drawing. 

This  method  of  finding  the  main  lines  of  an  object  in  per- 
spective is  somewhat  more  difficult  for  the  beginner  than  the 
former  method,  because  it  is  necessary  for  him  to  be  able  to 
judge,  with  some  degree  of  accuracy,  proportions  b}'  the  eye, 
e.g.  the  proportion  of  fh  to  fa  (Fig.  166),  which  is  not 
necessary   in  the  former    method;    so  it   is  advisable   for  the 


240  COMPLETE  PERSPECTIVE  COURSE  chap,  xii 

student  first  to  practise  tlie  former  method  until  the  eye  1ms 
acquired  some  experience  in  estimating  these  proportionate 
measurements. 

The  second  method  has  many  advantages ;  for  instance,  the 
object  can  be  drawn  to  any  scale  from  one  position,  i.e.  without 
changing  our  distance  from  it ;  the  work  can  also  be  accom- 
plished in  less  time. 
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AERIAL   PERSPECTIVE 


Aerial  Perspective  (Lat.  a'er,  airl  is  tlie  art  of  representing  in 
a  drawing  the  comparative  distances  of  objects  by  their  relative 
depth  of  tone  or  distinctness. 

The  atmosphere  contains,  in  a  state  of  suspension,  small 
particles  of  matter  and  globules  of  water,  which  interfere  with 
its  transparency;  consequently,  the  more  distant  an  object  is 
from  the  eye — providing  the  atmosphere  extends  from  the  eye 
to  the  object — the  less  distinctly  is  it  seen. 

We  are  enabled,  by  linear  perspective,  to  judge  the  com- 
parative distances  of  objects,  of  known  dimensions,  by  their 
proportion  to  other  objects  shown  in  the  drawing,  or  by  the 
arrangement  of  their  principal  lines;  but  there  are  certain 
objects  in  nature,  such  as  mountains,  hills,  etc.,  the  relative 
proportion  of  which  to  each  other,  or  to  the  other  objects  shown, 
may  not  be  known ;  the  relative  distances  of  these  objects  can 
be  indicated  by  aerial  perspective. 

Let  us  imagine  we  are  looking  out  at  the  sea,  on  which  three 
vessels,  a,  h,  and  c,  similar  in  colour,  are  sailing,  and  let  the 
nearest  vessel  (a)  be  half  a  mile  distant,  the  next  vessel  (h), 
one  mile,  and  the  farthest  vessel  (c),  one  and  a  half  miles,  all 
measured  in  the  direction  of  sight.  Now  if  we  represent  the 
depth  of  tone  of  a  by  6,  h  should  be  represented  by  4,  and  c  by 
2.  In  other  words,  there  should  be  as  much  difference  of  tone 
between  h  and  c  as  between  a  and  h.     Of  course  we  assume 
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the  atmosphere  to  be  homogeneous,  i.e.  containiug  the  same 
amount  of  suspended  matter  throughout  the  distances  specified, 
which  is  not  always  the  case. 

So  far  as  relative  tone  only  is  concerned,  there  is  very 
little  theory  to  be  learned  with  reference  to  aerial  perspective ; 
it  is  essentially  a  practical  subject,  and  its  effects  can  only  be 
correctly  reproduced  from  accurate  observation  of  nature,  but 
the  effect  of  aerial  perspective  as  regards  colour  admits  of  a  more 
theoretical  explanation,  and  there  are  certain  laws  in  reference 
to  it,  resulting  from  the  discoveries  of  Professor  Tyndall  and 
Lord  Eayleigh,  the  knowledge  of  which  will  greatly  aid  the 
student  in  reproducing  these  effects. 

Aerial  PePvSPEctive  in  Eelation  to  Colour. — We  have 
already  mentioned  (page  12)  "that  our  knowledge  is  apt  to 
interfere  with  our  judgment  in  the  appearances  of  objects." 
This  also  applies  specially  to  aerial  perspective  ;  there  is  a 
constant  tendency  for  the  uninitiated  to  reproduce  the  appear- 
ances of  distant  objects  in  the  colour  they  are  known  to  possess 
when  placed  in  the  foreground,  whereas,  in  several  instances, 
their  colour  is  entirely  different,  especially  if  the  distant  object 
is  of  a  dark  colour. 

We  are  conscious  of  the  existence  of  objects  by  means  of 
the  senses  of  sight,  hearing,  and  feeling,  and  these  senses  are 
excited  by  means  of  vibrations  that  are  communicated  to  the 
optic,  auditory,  or  sensory  nerves.  When  a  wire  in  a  state  of 
tension  is  struck  it  vibrates,  and  if  there  is  sufficient  tension 
the  vibrations  will  produce  a  musical  note.  If  the  tension 
on  the  wire  is  increased  the  vibrations  become  quicker,  and  the 
musical  note  higher  in  tone.  These  vibrations  impart  a 
mechanical  state  of  vibration  to  the  air,  which  is  communicated 
to  the  tympanum  of  the  ear,  and  through  the  mechanism  of  the 
ear  to  the  auditory  nerves.  If  the  vibrations  are  less  than  16  to 
the  second  no  sound  is  heard,  but  if  between  16  and  38,000  per 
second  they  are  audible ;  again,  the  ear  is  incapable  of  receiving 
any  impression  from  vibrations  of  greater  frequency. 
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With  reference  to  sight  and  the  sensation  of  heat,  impressions 
are  communicated  by  means  of  undulations  in  the  ether  that 
pervades  space.  Waves  are  generated  in  this  ether  by  means 
of  a  source  of  heat  or  light.  The  heat  impressions  are  trans- 
mitted through  the  sensoiy  nerves,  and  those  of  light  through 
the  optic  nerves. 

The  vibrations  of  sonorous  waves  move  in  the  direction  of 
their  paths,  while  the  heat  and  light  rays  vibrate  transversely  to 
their  paths. 

If  we  admit  a  ray  of  sunlight  into  a  darkened  room  througli 
a  small  hole  in  a  shutter,  as  shown  in  Fig.  167,  S  being  the 
shutter  and  A  the  ray  of  light,  and  if  we  intercept  the  ray  by  a 
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triangular  prism  of  glass  (P),  placed  so  that  the  ray  of  light 
shall  strike  one  of  its  faces  obliquely,  as  shown,  the  ray  of 
light  on  passing  through  the  prism  will  be  refracted  and  dis- 
persed. If  the  light,  after  passing  through  the  prism,  fall  on 
a  white  screen  placed  vertically  at  about  5  yards  from  the 
prism,  it  will  form  a  band  of  coloured  light  with  colours  arranged 
in  the  following  order :  viz.  red,  orange,  yellow,  green,  blue,  and 
violet,  as  shown  by  corresponding  letters  in  Fig.  167. 

This  band  of  colours,  which  is  seen,  is  known  as  the  solar 
spectrum,  and  the  colours  are  similar  to  those  seen  in  the  rain- 
bow ;  they  are  also  called  the  prismatic  colours  from  the  fact 
that  they  can  be  produced  by  a  prism  of  glass. 

These    colours    are   produced    by  ether  waves    of   different 
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lengths  moving  with  marvellous  rapidity,  c.fj.  red,  which  is  the 
least  refrangible  colour  in  the  spectrum,  has  a  wave  length 
of  about  .^  g  ^  ^  Q-  of  an  incli,  and  390  billions  of  waves  succeed 
each  other  in  a  second  of  time ;  while  violet,  which  is  at  the 
other  end  of  the  spectrum,  has  a  wave  length  of  g  - 1,^^  of  an 
inch,  and  is  produced  by  undulations  at  the  rate  of  770 
billions  in  one  second ;  the  intermediate  colours  are  produced 
by  waves  varying  in  length  between  these  extremes. 

If  the  ether  waves  are  more  than  the  .^^Iqq  of  an  inch  apart, 
or  take  longer  than  the  ^^  billionth  of  a  second  to  follow  each 
other,  heat  rays  only  are  produced  ;  while,  on  the  other  hand,  if 
they  are  less  than  the  ^  ,^qq  of  an  inch  apart,  and  take  less 
time  than  the  -fro  billionth  of  a  second  to  pass  a  certain  point, 
chemical  or  actinic  rays  only  are  produced. 

We  will  now  consider  how  the  lengths  of  these  different 
waves  affect  the  appearance  of  colours  in  aerial  perspective. 

If  we  add  a  few  drops  of  milk  to  a  tumblerful  of  pure  water, 
it  will  appear  bluish  or  cold  in  colour  if  seen  by  reflected  light, 
because  the  particles  of  milk  are  large  enough  to  intercept  the 
shorter  waves,  i.e.  the  blue  and  violet,  and  disperse  them,  reflect- 
ing some  back  towards  the  eye,  while  they  have  less  power  over 
the  longer  waves,  the  red  and  orange,  several  of  which  pass  on 
through  the  liquid  ;  but  if  we  hold  the  tumbler  between  the 
eye  and  the  light,  so  as  to  allow  the  light  to  pass  through  it  to 
the  eye,  it  will  appear  warm  in  colour,  because,  as  before,  most 
of  the  shorter  waves  are  dispersed,  while  a  great  number  of  the 
longer  waves  succeeds  in  passing  through  the  liquid  to  the  eye. 

If  we  gradually  add  more  milk  to  the  solution,  while  still 
holding  it  between  the  light  and  the  eye,  we  shall,  of  course, 
obscure  more  of  the  light  that  passes  through  it,  and  we  can, 
by  this  means,  extinguish  the  waves  of  each  colour  in  succession. 
Auv  blue  and  violet  rays  that  may  have  succeeded  in  passing 
through  the  weaker  solution  will  be  first  of  all  cut  off,  then  the 
green,  yellow,  orange,  and,  lastly,  the  red,  and  if  we  still  increase 
the  opacity  of  the  liquid  these  waves  also  will  be  extinguished. 
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Now  a  similar  effect  to  this  occurs  wlien  sunlight  passes 
through  the  atmosphere.  The  glass  of  water  may  be  taken  to 
represent  the  transparent  air  and  the  milk  the  particles  held 
in  suspension.  Let  us  imagine  we  are  looking  at  a  morning  or 
evening  sky  with  the  sun  iiear  the  horizon.  If  tlie  sky  is  clear 
and  the  weather  somewliat  hazy,  the  effect  we  wish  to  study 
will  be  more  decided.  On  looking  directly  above  our  heads, 
towards  the  zenith,  we  see  a  blue  sky,  because  the  blue  and 
violet  waves  are  reflected  towards  us,  while  the  longer  heat 
waves  pass  on.  If  we  now  pass  our  eyes  gradually  across  the 
sky  towards  the  horizon,  we  shall  find  the  colour  of  the  sky 
appears  gradually  to  get  warmer,  l)ecause,  as  the  light  passes 
through  more  of  the  denser  portion  of  the  atmosphere,  more  of 
the  longer  heat  waves  in  proportion  penetrate  to  us,  and  when 
we  look  towards  the  horizon,  all  the  waves  are  dispersed  with  the 
exception  of  the  red. 

This  is  called  the  effect  of  t/irbicl  media,  and  may  be  summed 
up  as  follows  : — ■ 

Exceedingly  small  ^ja/'i'/c/cs  of  matter  arc  incapable  of 
transmuting  white  light  in  its  imre  state,  hut  disjicrsc  the 
shorter  waves,  hlue  and  violet,  more  than  the  longer  ^vaves, 
red  and  orange.  Consequently,  the  residue  of  those  waves  that 
have  esca^jed  dispersion  alone  is  transm^itted,  consisting 
2'>rincipally  of  the  red  and  orange,  and  the  reflected,  colour  is 
bluish  or  cold  in  aj^pearance. 

Let  us  try  another  experiment.  If  we  look  at  a  piece  of 
black  material,  such  as  ebonite  or  glass,  at  a  certain  angle,  so  as 
to  avoid  reflected  light,  it  will  appear  black  or  nearly  so,  because 
most  of  the  light  waves  are  absorbed.  A  drop  of  milk  placed 
on  its  surface  will  appear  blue,  because  most  of  the  shorter  waves 
are  arrested  and  reflected,  while  the  longer  waves  pass  through 
the  fluid  and  are  absorbed  by  the  black  material.  As  the  drop 
of  milk  is  translucent,  we  are  enabled,  to  a  certain  extent,  to 
see  the  black  material  through  it,  which  intensifies  the  bluish 
appearance.     As  we  have  already  noticed,  when  looking  towards 
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the  zenith,  space  which  would  otherwise  appear  dark,  appears 
bhie  when  seen  through  the  lighted  atmosphere. 

Distant  mountains  in  shadow,  as  well  as  the  shaded  side  of 
distant  trees,  also  appear  bluish- violet  in  colour  for  the  same 
reason. 

If  sunlight  is  reflected  from  distant  objects,  most  of  the 
shorter  waves,  green,  blue,  and  violet,  will  be  intercepted  and 
dispersed,  while  most  of  the  longer  waves,  yellow,  orange,  and 
red,  will  be  transmitted  to  the  eye.  This  effect  is  more  marked 
when  the  sun  is  near  the  horizon,  as  the  light  waves  then  pass 
through  more  of  the  denser  layers  of  the  atmosphere.  Distance 
has  very  little  effect  upon  light  reflected  from  a  white  object. 
We  may  sum  up  these  results  as  follows  : — 

All  da/'k  objects  seen  througli  the  atmosphere  at  a  distance 
appear  lighter  and  bluer  in  colour,  while  all  light  objects  appea.r 
VKirmer,  and,  if  very  light,  or  u'hite,  they  are  very  slightly  affected 
hy  distance. 

When  the  weather  is  misty,  the  particles  of  water  held  in 
suspension  are  too  large  to  make  any  appreciable  difference  in 
the  dispersion  of  the  various  wave  lengths,  consequently  both 
transmitted  and  reflected  light  reach  the  eye  unchanged  in 
colour,  although  very  much  weakened. 

The  principle  of  turbid  media  also  affects  pigments.  If  we 
take  a  little  yellow  ochre  and  brush  it  thinly  over  a  white 
ground,  it  appears  a  rich  orange  colour,  because  the  light 
reflected  from  the  white  surface,  on  passing  througli  the  finely 
divided  particles  of  the  pigment,  becomes  sifted ;  most  of  the 
blue  and  violet  waves  are  intercepted  and  dispersed.  Con- 
sequently, the  orange  colour  is  the  result  of  a  mixture  of  the 
longer  waves  that  have  succeeded  in  passing  through  with  the 
colour  of  the  pigment. 

Again,  if  we  try  a  similar  experiment  with  yellow  ochre 
on  a  black  ground,  the  result  will  be  a  greenish  colour,  because 
the  finely  divided  particles  of  the  pigment  are  too  small  to 
intercept   many  of  the   longer  warm   waves  which  succeed  iu 
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passing  through  to  the  black  surface  underneath,  where  they 
are  absorbed,  while  the  shorter  waves  are  intercepted  and 
dispersed ;  many  of  them  on  being  reflected  to  the  eye  mix  with 
those  forming  the  tint  of  the  pigment,  thus  forming  the  greenish 
colour. 

The  same  principle  applies  to  all  pigments,  from  which  the 
following  law  may  be  deduced  : — 

Any  'pigment  when  laid  thinly  upon  a  liylit  ground  appears 
warmer  in  colour,  and  cooler  vjhen  laid  tipon  a  dark  ground. 

It  is  not  within  the  province  of  this  work  to  go  into  the 
liarmony  of  contrast  in  colours,  but  we  may  here  state  that  those 
beautiful  harmonies  of  colour  that  exist  in  nature,  and  which 
are  seen  to  the  greatest  perfection  in  mountain  scenery  when 
the  sun  is  near  the  horizon,  can  be  explained  by  the  laws 
of  aerial  perspective. 

The  greatest  contrast  between  two  colours  exists  when  they 
are  complementary  to  each  other. 

Complementary  Colours. — We  have  shown  that  white  light 
can  be  separated  into  several  distinct  colours,  and  if  these 
colours  were  combined,  they  would  produce  white  light.  It  is 
not  necessary  to  unite  the  whole  of  them  to  produce  this  result ; 
we  may  select  colours  from  different  parts  of  the  spectrum, 
and  by  combining  them  produce  white  light,  but  it  would  not 
be  so  bright  as  if  the  whole  number  in  tlie  spectrum  were 
employed  for  this  purpose.  If  we  select  three  such  colours,  by 
combining  any  two  we  obtain  a  tint  of  which  the  third  is  said 
to  be  complementary. 

There  are  an  immense  number  of  complementary  colours,  from 
which  the  following  pairs  may  be  selected  :  red  and  blue-green, 
orange  and  greenish-blue,  greenish-yellow  and  violet-blue. 

Now  it  will  be  noticed  that  one  of  the  colours  in  each  pair 
is  formed  by  long  waves,  while  the  other  is  produced  by  short 
waves  ;  and  this  explains  why  it  is  that  complementary  colours 
are  seen  when  sunlight  and  shade  are  seen  upon  objects  in  the 
distance. 
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It  is  generally  acknowledged  by  artists,  that  the  liannony 
caused  by  the  contrast  of  complementary  colours  is  a  little  too 
severe  to  be  pleasing,  and  that  the  harmony  is  more  satisfactory 
if  we  blend  one  or  both  of  the  colours  with  a  little  grav.  Xow 
this  is  precisely  what  happens  in  nature,  as  already  shown  by 
the  laws  of  aerial  perspective. 


CHAPTEE   XIV 

PERSPECTIVE   HINTS    FOR   ARTISTS 

Note. — Xumerals  in  brackets  []  refer  to  the  numbered  articles 
in  Clui'pter  IT. 

In  portrait  painting,  the  position  of  tlie  horizon  line  [18] 
is  one  of  the  most  im]>ortant  points  for  an  artist  to  consider 
before  commencing  a  ji.cture. 

A  figure  drawn  with  a  low  horizon  line  has  a  more  important 
appearance  than  one  drawn  with  a  high  liorizon.  We  intui- 
tively associate  the  position  of  the  horizon  line  with  the  level 
of  our  eyes.  Consequently,  if  the  head  of  a  standing  figure 
represented  in  a  picture  is  above  this  line,  it  suggests  to  us, 
when  we  look  at  the  picture,  a  figure  taller  than  ourselves ; 
while  a  similar  figure  shown  with  a  high  horizon  line  has  the 
contrary  effect,  of  one  on  which  we  are  looking  down. 

The  old  portrait  painters  took  great  liberties  with  the 
position  of  this  line  ;  Gainsborough  is  a  striking  example  ;  his 
backgrounds  are  generally  painted  with  the  horizon  line  in  a 
much  lower  position  than  the  level  of  the  eye  from  which  the 
figure  was  drawn,  and  as  the  horizon  line  of  tlie  background  is 
the  one  the  eye  naturally  follows,  when  looking  at  the  picture 
— being,  in  fact,  the  only  one  shown — his  figures  appear  to  have 
colossal  proportions. 

^Yhen  a  figure  is  drawn  "life  size,"  it  has  a  more  natural 
appearance  if  tlie  position  selected  for  it  is  not  too  far  from  the 
eye,  as  the  perspective  of  the  curves  of  the  features  is  more 
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apparent  wheu  the  subject  is  near.  Now  the  artist  is  con- 
fronted with  the  difficulty,  that  the  nearer  the  figure  is  placed  to 
the  eye,  the  less  of  it  will  be  comprised  in  the  Jidd  of  vision 
[44].  To  overcome  this  difficulty  it  is  usual,  when  working 
in  a  studio,  to  place  the  model  on  a  raised  platform,  about 
12  inches  high,  called  "the  throne." 


Fi^.  168 


In  Fig.  168,  A  is  a  figure  standing  on  the  grovnd  plane  [2], 
and  E  is  the  position  of  the  spectator's  eye. 

To  insure  the  figure  (A)  being  within  the  angle  of  distinct 
vision  (60°),  it  is  necessary  to  place  it  as  far  as  the  distance  EA 
from  the  eye.  Xow  this  distance  Avould  be  too  far  to  give  the 
proper  relief  and  natural  appearance  to  the  perspective  of  the 
curves  of  the  features  ;  so  to  bring  the  figure  closer  to  the  eye, 
and  at  the  same  time  to  include  the  whole  of  it  within  the 
angle  of  distinct  vision,  it  is  necessary  to  raise  it  above  the 
level  of  the  ground  plane,  as  shown  by  the  figure  B  (Fig.  168). 

This  not  only  gives  the  figure  a  more  important  appearance, 
as  already  described,  but  has  the  additional  advantage  of  sub- 
ordinating the  horizontal  plane,  upon  which  the  figure  is  stand- 
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ing,  as  it  recedes  more  rapidly,  and  consequently  occupies  less 
space  in  the  picture  than  it  would  if  shown  in  connection  with 
the  figure  placed  at  A. 

It  will  be  seen  from  this  illustration  (Fig.  168)  that  in  draw- 
intj-  a  fuU-lenfjth  figure  of  an  adult  "  life  size,"  the  artist,  to  over- 
come  a  perspective  difficulty,  has  to  resort  to  a  lower  horizon 
line  than  that  which  generally  accompanies  the  figure,  and, 
althoujrh  it  has    the   advantage  of  giving  the   figure   a    more 

o  0000 

important  appearance,  as  well  as  enabling  the  artist  to  show 
more  clearly  those  curves  of  the  features  that  are  nearly  hori- 
zontal, still  it  somewhat  detracts  from  the  natural  appearance  of 
the  person  in  the  portrait.  So  it  is  advisable  not  to  place  the 
horizon  line  lower  than  is  absolutely  necessary  to  meet  the 
requirements  of  the  angle  of  distinct  vision  [4-1]. 

When  the  portrait  is  only  "  half  length  "  the  same  difficulty 
has  not  to  be  met. 

In  painting  the  portraits  of  children,  they  should  be  repre- 
sented with  a  high  horizon  line  to  appear  natural,  as  the  eye  of 
the  spectator  is  generally  above  their  heads  ;  and  as  they  are 
much  smaller  than  adidts,  it  is  possible  to  include  them  in  the 
angle  of  distinct  vision  even  though  they  be  placed  comparatively 
near  the  spectator.  The  horizontal  curves  of  the  features  being 
below  the  level  of  the  eye,  it  will  be  possible  to  show  them  in 
perspective  with  the  same  facility  as  if  they  were  placed  above 
it. 

Fig.  169  shows  how  the  relative  size  of  a  figure  in  a  picture 
can  be  determined  in  proportion  to  a  given  figure,  and  its 
distance  from  the  picture. 

Let  A  be  the  given  figure,  and  H.L.  the  horizon  line. 
Assume  any  point  V  on  the  H.L.  for  a  vaiiishing  point,  and 
draw  lines  from  the  extremities  (B  and  C)  of  the  figure  A  to  it. 
Xow  these  lines  represent,  in  perspective,  receding  parallel 
lines  [13],  and  form  a  perspective  scale  (p.  50)  for  objects  of  a 
given  height,  i.e.  that  of  the  figure  A. 

Suppose   we  wish  to  draw,  standing  at  D,  a  figure  of  the 
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same  height  as  A.  Draw  a  horizontal  line  from  D  to  meet  the 
line  CV  in  E.  Draw  a  vertical  line  at  E  to  meet  the  line  BV  in  F. 
Then  EF  is  the  height  of  the  figure  required.  In  the  same  way 
HI  is  the  height  of  a  similar  figure  standing  at  G. 

By  producing  the  lines  forming  the  perspective  scale  towards 


the  spectator,  as  shown  at  X  and  'SI,  we  could  determine,  in  the 
same  manner,  the  height  of  a  similar  figure  placed  nearer  the 
spectator  tlian  the  figure  A. 

It  should  be  noticed  that  the  horizon  line  intersects  each 
figure  in  a  similar  position,  i.e.  about  three-quarters  of  its  heiglit, 
from  which  we  may  infer  that  the  eye  of  the  spectator  is  at  a 
lower  level  than  the  eyes  of  the  figures  represented,  and  as  the 
level  of  the  gronnd  plane  below  the  height  of  the  spectator's 
eve  is  constant  for  any  distance  from  the  picture  [19],  it  natur- 
ally follows  that  the  H.L.  must  intersect  each  figure  at  a  similar 
height.  By  bearing  this  in  mind  it  will  be  possible  to  draw 
figures  at  any  distance  from  the  picture,  and  determine  their 
relative  heights,  without  using  the  perspective  scale  ;  e.g.  let  us 
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draw  a  firnire  staudiii<f  at  K,  siiDilav  in  height  to  the  faven 
fiL^'ure  A.  AYe  know  that  the  distance  of  K  below  the  H.L.  is 
equal  to  three-quarters  of  the  height  of  the  figure  we  wisli  to 
draw.  Consequently,  if  we  take  one-third  of  this  distance  and  set 
it  up  above  H.L.,  it  will  give  us  the  top  of  the  figure,  as  shown. 

We  will  carry  tliis  method  a  step  farther  in  the  following 
illustration. 

JS^oti'. — If  we  wish  to  draw  a  figure  taller  or  shorter  than  the 
given  figure  at  a  selected  distance  from  the  picture,  we  could 
easily  determine  the  necessary  proportion  if  we  first  determine  the 
perspective  height  of  a  figure  similar  to  tlie  given  figure  at  the 
distance  required. 

^  H.L.  F 


Fig.  170 

Let  C  (Fig.  170)  be.  a  figure,  given  in  position  in  the 
picture,  and  H.L.  the  horizon  line.  AVe  wish  to  draw  other 
figures  of  a  similar  height  at  different  distances  from  the 
picture.  On  measuring  the  distance  of  the  top  of  the  head 
of  the  figure  from  the  H.L.,  we  find  it  is  equal  to  one-third  the 
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height  of  the  figure ;  this  proportion  is  constant  for  every  ligure 
of  a  similar  height  in  the  picture,  e.g.  let  us  draw  a  figure  of  a 
similar  height  standing  at  B.  Divide  the  height  EF  into  four 
equal  parts.  Then  the  height  EG  of  the  lower  three  divisions 
represents  the  perspective  height  of  the  figure.  The  heights  of 
all  the  other  figures  shown  could  be  determined  in  a  similar 
manner. 

The  perspective  heights  of  figures  taller  or  shorter  than  the 
given  figure  could  be  determined  in  a  similar  manner  to  that 
described  in  the  previous  illustratiou. 

We  will  now  proceed  to  show  how  to  draw  in  perspective 


Fig.  171 

figures  of  given  heights  on  horizontal  planes  at  different  levels. 

Let  G.L.  (Fig.  171)  represent  the  ground  line  [4],  and  H.L. 
the  horizon  line. 

At  any  point  E  on  the  G.L.  draw  a  vertical  line  EF,  divided 
into  six  equal  parts,  and  let  this  represent  a  scale  of  six  feet. 

We  wish  to  draw  a  figure  standing  at  A,  six  feet  in  height. 

Assume  any  point  Y  on  the  H.L.  for  a  vanishing  point,  and 
draw  lines  from  E  and  F  to  it,  to  form  a  perspective  scale  for  six 
feet. 
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Draw  a  horizontal  line  from  A  to  meet  the  line  E\'  in  Y. 
Draw  a  vertical  line  from  Y  to  meet  the  line  FY  in  I.  Then 
YI  is  the  height  of  the  figure  required. 

AVe  will  now  draw  a  figure  whose  height  would  be  five  feet 
three  inches  if  standing  on  tlie  ground  plane  at  B.  Draw  a  line 
from  K,  five  feet  three  inches  above  E,  to  Y.  Draw  a  horizontal 
line  from  B  to  meet  the  line  EV  in  J.  Draw  a  vertical  line  from 
J  to  meet  the  line  KY  in  L.  Then  JL  would  be  the  height  of 
the  figure  if  standing  at  B,  which  will  give  us  the  proportions  for 
drawing  the  sitting  figure. 

Let  us  now  draw  a  figure  five  feet  six  inches  high,  standing 
at  C.  First  determine  the  position  of  a  point  on  the  ground 
plane  immediately  below  C  ;  this  is  found  by  drawing  a  line 
from  any  vanishing  point  on  the  H.L.,  through  C,  to  meet  the 
edge  of  the  step,  and  tlien  drawing  a  vertical  line  from  the  point 
thus  found  to  the  level  of  the  next  step,  and  proceeding  in  the 
same  manner  with  each  step  till  the  level  of  the  ground  plane  is 
reached  in  S.  Draw  a  line  from  S  towards  the  same  vanishing 
point,  to  meet  a  vertical  line  from  C  in  T. 

Draw  a  line  from  M,  five  feet  six  inches  above  E,  to  Y.  Draw 
a  horizontal  line  from  T  to  meet  EY  in  U.  Draw  a  vertical  line 
at  U  to  meet  the  line  MY  in  W.  Then  V\Y  is  the  height  of 
the  figure  standing  at  C. 

Let  the  next  figure  be  four  feet  nine  inches  high,  and 
standing  at  D.  Draw  a  line  from  Q,  four  feet  nine  inches  above 
E,  to  Y.  Draw  a  line  from  D  to  meet  the  line  GrH  in  IST.  Draw 
a  vertical  line  at  N  to  meet  the  level  of  the  ground  plane 
produced  in  O.  Draw  a  horizontal  line  from  0  to  meet  the  line 
EY  in  P.  Draw  a  vei ileal  line  at  P  to  meet  the  line  QY  in  E. 
Then  PP  is  the  height  of  the  figure  standing  at  D. 

To  DRAW  Boats  ix  Perspective. — A  boat,  foreshortened,  is 
one  of  the  most  difficult  objects  to  draw  correctly,  as  it  is  com- 
posed of  so  many  lines  of  double  curvature  (p.  193).  A  knowledge  of 
how  the  laws  of  perspective  may  be  applied  to  this  purpose  will 
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greatly  assist  the  artist  in  drawing  a  boat  of  any  given  dimensions, 
and  in  any  desired  position.  This  knowledge  will  also  enable 
him  to  correct  a  sketch  made  from  an  existing  boat. 

Let  A  and  A'  (Fig,  172)  represent  the  plan  and  elevation  of 
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a  boat ;  and  let  abed  be  the  plan,  and  a'e'f'h'  the  elevation  of  a 
rectangular  solid.  jSTow  we  can  draw  a  rectangular  solid,  m 
perspective,  to  any  given  dimensions,  and  in  any  given  position, 
as  already  shown  in  the  preceding  portion  of  this  work.    Let  the 
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corresponding  letters  in  Fig.  173  represent  such  a  solid  drawn  in 
perspective.  The  left-hand  end  of  the  boat — the  bow^ — (Fig. 
172),  is  much  higher  than  the  opposite  end — the  stern — i.e.  a'lj 
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is  about  one-third  of  a'e'.  Make  ar/  (Fig.  173)  one-tliird  of  ar, 
and  draw  a  line  from  (/  to  V.T.  to  meet  the  vertical  line  at  m  in 
h.  Draw  the  diagonals  am  and  clr,  and  draw  a  vertical  line  kj 
through  their  intersection.  Draw  the  curves  ///>  and  ho  to 
correspond  with  the  curve  gp'  (Fig.  172).  The  width  of  the 
stern  In  (Fig.  172)  is  about  three-fifths  of  the  line  cb.  Mark  off 
the  same  proportion  on  the  line  ch  (Fig.  173),  as  In.  Any 
number  of  points  in  the  curve  forming  the  upper  part  of  the 
boat — the  gunwale — may  be  determined  as  follows:  The 
distance  as  (Fig.  172),  is  one-third  of  a'j}'.  Draw  a  vertical  line 
in  a  corresponding  position  in  Fig.  173,  as  tu,  and  draw  a  line 
from  ;"  to  V.P.  Set  off  tv  (Fig.  l73),  bearing  the  same  proportion 
to  tn:  as  in  Fig.  172.  Of  course  all  the  distances  in  Fig.  173 
must  be  set  off  perspectively.  Draw  a  fair  curve  through  the 
points  v,}),  f,  k.  Find  corresponding  points  on  the  opposite  side  of 
the  boat,  and  proceed  in  a  similar  manner.  B  (Fig.  172)  is  a 
cross  section  through  the  middle  of  the'  boat ;  this,  as  well  as 
any  additional  cross  section,  can  be  drawn  in  perspective,  as 
shown  in  Fig.  173,  by  Prob.  34.  These  will  enable  the  artist  to 
determine  the  other  curves  of  the  boat. 

Fig.  174  shows  the  boat  completed.     All  the  straight  lines 
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receding  to  the  left  converge  towards  \.V.,  while  all  those 
receding  to  the  right  converge  towards  V.P/,  and  if  the  boat 
were  floating  in  calm  watei',  these  vanishing  points  would  be  on 
the  horizon  line  [20]. 

Fig.  175   shows   the   same  pruiciple   apjdied  to"^a  boat   in 

s 
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oblique  perspective.  If  it  were  resting  on  level  ground,  V.P.' 
would  be  ou  the  horizon  line  [20]  ;  and  if  the  stern  of  the  boat 
were  in  a  vertical  plane,  A.A^.P.  and  A.V.P.'  would  be  on  the 
same  vertical  line  [36]. 

This  method  of  drawing  boats  will  be  found  very  useful  in 
practice,  but  the  artist  sliould  first  endeavour  to  acquire  facility 
in  sketching  rectangular  solids  in  any  position  in  perspective. 


Fig.  175 

He  will  then  find,  after  a  little  practice,  that  the  delineation  of 
the  difficult  curves  of  a  boat  will  be  greatly  simplified.  The 
lines  of  the  solid  wall  form  a  guide,  by  means  of  which  the 
proper  direction  of  the  curves  will  be  apparent.  It  will  also 
enable  him  to  correct,  by  the  laws  of  perspective,  sketches  of 
boats  he  may  have  made. 


To  determine  the  relative  sizes  of  ohjeets  according  to  their 
distances. 

Let  A  (Fig.  176)  be  a  boat  drawn  in  the  picture;  we 
wish  to  draw  similar  boats,  in  the  same  picture,  at  different 
distances.'.  Draw  a  horizontal  line  at  the  water  line  of  th^  boat, 
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aud  ill  any  convenieiit  position  on  this  line,  d  for  instance,  draw 
a  vertical  line  equal  in  length  to  tlie  total  height  of  the  boat,  as 
dc.  Assume  any  point  v  on  the  H.L.  for  a  vanishing  point,  and 
draw  lines  from  d  and  c  to  it.  These  represent,  in  perspective, 
parallel  lines  [13]. 

Xote. — H.L.  is  the  perspective  horizon  [18]. 

We  now  wish  to  ascertain  the  relative  size  of  a  similar  boat 
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placed  at  B.  Draw  a  horizontal  line  from  B,  to  meet  the  line 
dv  in  /.  Draw  a  vertical  line  at  /  to  meet  the  line  cv  in  g. 
Then  fg  is  the  height  of  the  boat  required. 

The  line  dv  is  at  the  sea  level,  aud  the  lines  dv  and  ev 
form  a  perspective  scale  (p.  50),  for  objects  of  the  same 
height  as  the  boat  A,  and  if  we  ascertain  the  height  of  a 
similar  boat  corresponding  to  its  distance,  we  can  draw 
the  rest  of  the  boat  in  the  same  proportion ;  e.g.  C  is  a  similar 
boat,  foreshortened ;  its  height,  hn,  is  determined  as  already 
described. 

D  is  a  much  larger  class  of  vessel — a  barque — and  if  we 
wish  to  repeat  this  in  the  picture,  we  must  construct,  in  any 
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convenient  position,  a  perspective  scale  for  its  height,  as  pqv,  as 
ah"eady  described  for  the  boat  A.  And  if  we  wish  to  draw  a 
similar  vessel  at  E,  st  is  its  height. 

If  the  lines  forming  the  perspective  scales  were  produced 
towards  the  spectator,  we  could  determine,  if  necessary,  the 
relative  heights  of  objects  nearer  than  the  given  objects. 
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CHAPTER  XV 

PEKSPECTIVE  FOR  ARCHITECTS  AND  ENGINEERS 

Note. — Xuiiicrah  in  brackets  [  ]  refer  to  the  nurabered  articles  in 
Chapter  II, 

The  method  of  perspective  used  by  architects  and  engineers 
dift'ers  somewhat  from  that  iUustrated  in  the  previous  portion 
of  this  work.  Plans  and  elevations  of  the  object  are  generally 
made  first,  and  from  these  the  perspective  drawing  is  constructed 
by  finding  wdiere  visual  rays  [9],  from  various  parts  of  the  oliject, 
will  intersect  the  picture  plane  [3]. 

On  THE  Position  of  the  Picture  Plane. — Let  A  (Fig.  17v) 
be  the  plan  of  a  building,  and  S  the  station  point  [11]. 

It  has  been  shown  [16]  that  the  jiosition  of  the  picture 
plane  depends  entirely  upon  the  direction  of  sight ;  so  we  must 
first  determine  the  direction  in  which  we  wish  the  spectator  to 
be  looking,  before  we  can  find  the  position  of  the  picture  plane. 
One  method  adopted  by  architects  is  as  follows  : — 

Draw  lines  from  the  corners  a  and  b  to  S.  Bisect  the 
angle  «Si  by  the  line  Sr.  Draw  a  line  pp  through  the  corner 
0  at  right  angles  to  the  line  "r^e.  Then  pp  is  the  position  of  the 
picture  plane. 

Although  by  this  method  it  is  possible,  especially  when  the 
building  is  much  longer  on  one  side  than  the  other,  to  place 
the  spectator  nearer  the  building,  if  desirable,  than  by  any 
other  method,  and  at  the  same  time  include  the  whole  of  it  in 
the  field  of  vision  [45],  still,  the  appearance  of  the  perspective 
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is  not  so  pleasing  as  is  the  case  wlien  the  following  method  of 
placing  the  picture  plane  is  used. 


Fig.  177 


Join  CS.  Draw  a  line  I'V  through  C  at  right  angles  to 
SC.     Then  PP  is  the  position  of  tlie  picture  plane. 

By  placing  the  picture  plane  in  contact  with  the  corner  C 
of  the  building,  we  simplify  the  work,  because  a  vertical  line 
on  the  picture  plane  at   C  serves  for  a  line  of  heights  [46], 
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but  by  so  doing  we  restrict  ourselves  to  one  scale  for  the 
perspective  drawing. 

If  we  wish  to  make  the  drawing  smaller,  we  must  place 
the  picture  plane  nearer  the  position  of  the  spectator  (8) ;  e.<j. 
if  the  picture  plane  is  placed  in  the  position  PP,  de  will  be  the 
perspective  width  of  the  building ;  but  if  we  place  it  at  P'P',  d'e 
will  be  its  perspective  width.  "We  should  then  have  to  produce 
the  line  «C  to  meet  P'P'  in  /  to  determine  the  position  of  the 
line  of  heights.  Or  the  line  hQ  produced  to  meet  P'P'  in  fj 
would  answer  the  same  purpose. 

It  is  possible  to  make  a  drawing  larger  in  scale  than  the 
plan,  e.g.  draw  a  line  p"p"  at  right  angles  to  SC  produced  to  C". 
Then  d"<:"  would  be  the  perspective  width  of  the  drawing. 
This  method  is  called  stcreographic  jyrojection,  because  the  object, 
instead  of  being  seen  through  a  plane  by  perspective  (pei'Sjncio), 
is  projected  as  a  solid  (stereos)  on  to  a  plane  behind  it.  As  this 
is  done  by  radial  projection,  the  appearance  of  the  drawing  is 
precisely  similar  to  its  perspective  appearance. 

Supposing  now  that  it  is  decided  to  have  the  picture  plane 
in  the  position  of  tlie  line  PP  (Fig.  177).  Lines  drawn  from 
the  various  angles  of  the  building  to  S  will  determine  the 
perspective  widths  of  the  several  parts  on  the  line  PP. 

We  will  now  determine  the  vanishing  points. 

A  line  drawn  from  S,  parallel  to  the  side  of  the  building 
Ch,  to  meet  the  line  PP  produced,  will  determine  the  vanishing 
point  (V.P.'),  for  all  lines  parallel  to  Qh  ;  and  a  line  drawn 
from  S,  parallel  to  C«,  will  in  like  manner  determine  the 
vanishing  point  (V.P.)  for  all  lines  parallel  to  C«.  It  is  more 
convenient,  as  a  rule,  to  find  these  vanishing  points  to  a  smaller 
scale,  as  already  described  (p.  Q>o),  e.g.  take  any  aliquot  part  of 
SC,  say  one-third,  as  sC,  and  draw  lines  from  s,  parallel  to  each 
side  of  the  building,  to  find  r  and  v'.  We  can  then  repeat  the 
distances  Cv  and  Qv  three  times  on  each  side  of  C,  in  the 
perspective  drawing,  to  find  V.P.  and  V.P.' 

In  addition  to  these  points  it  is  a  great  advantage  to  have  a 
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diagonal  vanishing  point  [43].  This  is  found  by  bisecting  the 
angle  rsv'  by  tlie  line  sq.  Then  g  is  the  point  required.  In 
the  perspective  drawing  we,  of  course,  repeat  the  distance  Cq 
three  times. 

It  is  also  advisable  to  have  a  line  of  lieights  for  the  central 
portion  of  the  building.  Its  position  can  be  determined  by 
producing  a  line  through  tlie  points  mn  to  meet  the  line  PP  in 
h  We  could  also,  in  tlie  same  manner,  determine  the  position 
of  any  otlier  line  of  heights  we  may  require — the  ends  of  the 
roofs,  for  instance. 

Fig.    178    represents    a    plan    and    elevation    of    the    same 
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Fig.  178 


l>uilding  shown  in  Pig.  177,  but  drawn  to  a  larger  scale.     PP 
is  a  strip  of  paper,  the  straight  edge  of  which  is  placed  in  a 
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convspniiding  position  to  tlie  line  PP  (Fig.  177),  and  lines  are 
drawn  on  it  from  the  several  angles  of  the  building  to  a  corre- 
sponding station  point.  The  longest  lines  on  the  strip  of  paper 
mark  where  the  visual  rays  from  the  principal  angles  of  the 
building  intersect  the  picture  plane,  the  shorter  lines  the  angles 
of  the  piers,  and  the  shortest  lines  the  Avindow  openings,  etc. 
0  is  the  centre  of  vision  [14],  and  J).S.  the  dii-ection  of  sight 
[15]. 

Fig.  179  is  the  perspective  drawing,  which  is  constructed  as 
follows  : — 


Fig.  179 

Having  selected  the  position  of  the  line  HL  (horizon  line), 
to  represent  the  level  of  the  eye,  place  the  strip  of  paper  in  any 
convenient  position,  with  the  edge  PP  below  HL  and  parallel 
to  it. 

Note. — To  show  the  detail  more  clearly  this  is  drawn  to  a 
larger  scale  tlian  it  is  shown  in  Fig.  178. 

Draw  a  vertical  line  from  C  to  meet  HL  in  C  (the  centre  of 
vision).  Set  oft'  on  each  side  of  C,  along  the  liorizon  line,  tlie 
necessary  distances  for  finding  the  vanishing  points,  etc.,  as 
already  described  (p.  263). 
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Draw  a  vertical  line  through  C  for  a  line  of  heights,  and 
mark  oft'  upon  it  the  necessary  heights  from  the  elevation,  and 
draw  lines  from  them  to  each  vanishing  point. 

Note. — If  this  drawing  were  made  to  the  same  scale  as  Fig. 
178,  the  heights  could  be  set  off  at  once  from  that  drawing. 

Draw  vertical  lines  from  the  lateral  divisions  marked  on  the 
line  PP,  to  determine  the  corresponding  widths  in  the  perspec- 
tive drawing. 

All  horizontal  lines  receding  to  the  left  are  drawn  towards 
V.P.  (the  left-hand  vanishing  point),  while  all  those  receding 
to  the  right  are  drawn  towards  V.P.'  (the  right-hand  vanishing 
point). 

The  vertical  line  at  K  is  the  line  of  height  for  the  central 
portion  of  building,  the  position  of  which  is  fixed  by  k,  as  shown 
in  Fig.  177.  The  necessary  heights  are  set  up  on  this  line  and 
then  drawn  towards  the  vanishing  point  on  the  left  to  meet  the 
angle  of  the  building,  as  shown. 

Large  buildings  look  more  stately,  and  have  more  repose, 
when  the  station  point  is  taken  at  a  great  distance,  so  that  the 
whole  building  can  be  included  in  an  angle  of  from  30''  to  40''. 
The  angle  selected  for  Fig.  179  is  35°. 

Small  buildings,  or  those  of  a  picturesque  character,  look 
better  when  a  larger  angle  is  taken,  i.e.  from  50°  to  60". 

Buildings  always  looks  more  imposing  when  they  are  placed 
on  an  eminence,  that  is  when  seen  from  a  low  horizon,  for  the 
same  reason  as  already  explained  at  the  commencement  of 
Chapter  XIV.;  and  many  architects,  to  give  their  designs  a 
better  appearance,  make  the  foregrounds  of  their  perspective 
drawings  ascending  planes  [38].  But  this  device  should  never 
be  resorted  to  when  the  building  represented  is  to  be  erected  in 
a  locality  that  is  really  horizontal,  as  it  is  very  misleading  to 
those  unacquainted  with  the  artifice,  and  is  likely  to  cause 
disappointment  after  the  building  is  erected. 

To  DRAW  Mouldings  ix  I*eiispective. — Let   B   (Fig.    180) 
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be  the  section  of  a  moulding  "\ve  wish  to  draw  in  perspective 
at  the  top  of  the  pedestal  A. 

Enclose  tlie  section  of  the  moulding  within  a  rectangle  and 
divide  it  into  any  number  of  similar  rectangles.  Draw  these 
rectangles,  with  their  divisions  in  perspective,  in  any  convenient 
positions,  as  shown  at  !)•  and  E,  and  draw  curves  through  the 
corresponding   divisions    of    each    rectangle,    similar   to    those 


Fig.  180 

shown  ill  B.  These  curves  form  the  profiles  of  the  mouldings 
in  perspective.  Lines  drawn  to  each  vanishing  point,  through 
the  various  points  of  these  profiles,  give  us  the  mouldings  in 
perspective,  as  shown. 

When  the  same  moulding  is  carried  round  many  angles,  as 
shown  in  Fig.  180,  it  is  better  first  to  draw  the  moulding  in 
perspective  at  the  angles,  in  the  following  manner. 

Let  C  be  the  section  of  a  moulding  we  wish  to  draw  in 
perspective  round  the  base  of  the  pedestal  A.  First  enclose 
the  section  in  a  rectangle,  and  divide  it  into  any  number  of 
equal  rectangles,  as  before.     Draw  a  line  from  c,  at  an  angle  of 


268  COMPLETE  PERSPECTIVE  COURSE  chap. 

45^,  to  meet  a  vertical  line  at  d  in  c.  Draw  eg  at  right  angles 
to  ce,  and  equal  in  length  to  cf.  Divide  eg  into  the  same 
nuinber  of  equal  divisions  as  cf,  and  draw  lines  from  each 
division,  parallel  to  ce.  Draw  vertical  lines  from  each  division 
on  ccl  to  meet  ce,  and  from  these  points  draw  lines  parallel  to 
eg.  Draw  curves  through  the  corresponding  divisions  of  each 
rectangle,  similar  to  those  shown  at  C.  Then  C  represents  the 
section  of  the  moulding  at  the  angles  of  the  pedestal  A. 

Draw  the  rectangle  C,  with  its  divisions  in  perspective,  at 
each  corner  of  the  base  of  A.  The  nearest  one  would  be  more 
easily  drawn  by  means  of  a  diagonal  vanishing  point  [43].  The 
horizontal  lines  forming  the  divisions  of  the  other  two  corners 
could  be  determined  as  follows.  Having  determined  the  heights 
hk  and  ij,  divide  each  into  the  same  number  of  equal  divisions 
as  eg.  Lines  produced  through  tlie  coi-responding  points  at  each 
corner  will  determine  the  horizontal  lines  requii-ed.  Draw^ 
curves  through  the  corresponding  divisions  of  each  rectangle  in 
accordance  with  C,  and  complete  the  drawing,  as  shown. 

When  it  is  required  to  draw  mouldings  round  cylindiical 
surfaces,  or  circular  openings,  the  profile  should  be  first  drawn, 
in  each  instance,  by  perspective,  on  planes  passing  through  a 
common  axis,  as  illustrated  in  Prob,  35. 

To  DK.\.w  Groixed  Yal'ltinct  in  Perspective. — Let  A,  B,  C,D, 
(Fig.  181)  be  the  angles  supporting  the  groins,  and  EHJ  the 
form  of  the  arch  of  the  intersecting  vaults. 

Draw  a  horizontal  line  EJ,  and  a  vertical  line  from  H  to 
meet  it  in  c.  Divide  Er  into  any  number  of  equal  parts  (3), 
and  draw  \ertical  lines  from  each  division  to  meet  the  arch  in 
d  and  e. 

Join  AC  and  BD,  intersecting  in  F.  Draw  a  vertical  line 
at  F,  to  meet  a  line  drawn  from  H  to  the  centre  of  vision  in  G. 
Produce  CA  to  meet  JE  produced  in  N.  Draw  a  vertical  line 
at  X,  to  meet  horizontal  lines  drawn  from  d  and  e  in  K  and  L. 
Draw  lines  from  a  and  h  to  the  centre  of  vision,  to  intersect  the 
lines  AC  and  BD  in  the  points  fg  and  jh.     Draw  lines  from  L 
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and  K  to  1*.D.  to  meet  vertical  lines  on  g  and  /  in  the   points 
I  and  k.     Draw  a  fair  curve  through  the  points  A,  I,  I,  G. 

Draw  horizontal  lines  from  e  and  d  to  meet  the  opposite  side 


Fig.  181 


of  the  arch  in  the  points  P  and  Q.  Draw  lines  from  P  and  Q  to 
C.V.  to  meet  horizontal  lines  drawn  from  /  and  k  in  the  points 
y  and  ^.  Draw  a  fair  curve  through  the  points  B,  q,  p,  G.  Draw 
vertical  lines  aty  and  h  to  meet  lines  drawn  from  /.■  and  /  to 
C  V,  in  the  points  n  and  m.  Draw  a  fair  curve  through  the 
points  D,  n,  m,  G.    Draw  horizontal  lines  from  the  points  m  and  n 


270  COMPLETE  PERSPECTIVE  COURSE  chap. 

to  meet  lines  drawn  from^;  and  q  to  C.V.  in  the  points  r  and  s. 
J,)raw  a  fair  curve  through  the  points  C,  s,  r,  G.  Proceed  in  a 
similar  manner  with  the  remaining  groins  and  complete  the 
drawing,  as  shown. 

To  DRAW  Gothic  Tracery  in  Perspective. — The  geo- 
metrical drawing  of  the  tracery  should  first  be  squared, 
as  shown  in  the  geometrical  drawing  in  Fig.  78.  The 
squares  should  then  be  drawn  by  perspective  in  the  position 
required,  and  the  tracery  drawn  by  the  principle  illustrated  in 
Prob.  34.  All  curves  that  are  contained  by  planes  may  be 
drawn  in  perspective  in  a  similar  manner,  e.r/.  the  patterns  on 
floors,  walls,  and  ceilings. 

To  MAKE  A  Bird's-eye  View. — Bird's-eye  views  are  simply 
perspective  views  drawn  with  a  very  higli  horizon  line. 

Let  Fig.  182  represent  the  plan  of  a  district,  drawn  to  a 
scale  of  1  inch  =400  feet.  We  wish  to  make  a  bird's-eye  view 
of  this  district,  as  it  would  appear  from  a  point  1500  feet  due 
south  of  the  point  A,  and  500  feet  above  the  ground  plane  [2]. 

Draw  a  horizontal  line  P.P.  through  A  for  the  position  of 
the  picture  plane.  Draw  a  vertical  line  at  A,  and  mark  off 
along  it,  from  A,  equal  distances  of  any  convenient  length  (say 
250  feet),  and  draw  horizontal  lines  through  them.  Repeat  the 
same  distances  on  each  side  of  A,  and  draw  vertical  lines  through 
them  to  form  squares,  as  shown. 

We  will  draw  the  bird's-eye  view  to  twice  this  scale,  viz. 
1  inch  =  200  feet. 

Draw  a  horizontal  line  G.L.  (Fig.  183),  and  in  any  con- 
venient position  upon  it  mark  the  point  A.  Draw  a  vertical 
line  at  this  point,  2|  inches  high  (500  feet),  to  find  the  point 
C.V.  [14].  Draw  a  horizontal  line  (H.L.)  through  C.V.  for 
the  level  of  the  spectator's  eye.  As  we  have  not  room  to  find 
the  point  of  distance  (1500  feet),  we  will  take  one-third  of  this 
distance  from  C.V.  along  H.L.  for  J  D.P.  (p.  59). 

Set  off  on  G.L.,  to  the  right  of  A,  the  points  et  and  h,  250 
feet  apart,  and  join  them  to  (\Y. 
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We  HOW  liave  to  find  eight  receding  squares,  which  we  will 
determine  as  follows  : — 


Set  otf  Ac,  equal  to  oue-third  of  Aa,  and  join  c  to  CY. 
Draw  a  line  from  c  to  ^  D.P.,  to  meet  the  receding  line  from  A 
in  </.     Draw  a  horizontal  line  throurfi   d  for  the   first   row  of 
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receding  squares,  and  proceed  in  the  same  manner  till  the  eight 
rows  are  determined. 

The  extra  number  of  squares  in  the  width  of  the  back  ot 
the  plan  are  determined  by  repeating  the  width  of  one  of  the 
back  divisions  on  the  last  line,  and  drawing  lines  from  (\\. 
through  the  points,  as  shown. 

Having  determined  all  these  squares  in  perspective,  we  can 


draw  the  several  lines  and  curves  of  the  plan  through  the 
corresponding  divisions  of  the  perspective  squares,  and  complete 
the  bird's-eye  view. 

The  ^■anishing  points  of  the  several  horizontal  lines  of  the 
buildings  are  determined  by  producing  the  receding  lines  in 
perspective  to  meet  the  H.L.  [20]. 


The  C'kntkolixead 

The  centrolinead  is  an  instrument  used  for  drawing  lines 
converging     towards     inaccessible     vanishing    points,    and    is 
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indispensable  when  perfective  drawings  to  a  large   scale  are 
required  to  be  made. 

The  ordinary  form  of  the  instrument  is  shown  in  Fig.  184. 
It  consists  of  a  ruling  arm,  I),  attached  to  which  are  two 
movable   arms,   A   and   B.  working   on    the    same    centre,  and 


f'.  \ 


Fiff.  1S4. 


secured  in  the  re(|uired  position  by  the  screws  a  and  h  working 
in  slots.  These  movable  arms  work  against  studs  fixed  in  the 
drawing  board. 

How  TO  Set  a  Centrolixead. — Let  H.L.  (Fig.  184) 
represent  the  horizon  line,  and  C  the  centre  of  vision.  The 
station  point  to  be  7^  feet  from  C,  and  the  8calr  ^  an  inch  = 
Ifoot 

Take  any  aliquot  part  of  ~^  feet — say  one-third  (2^  feet) — 

T 
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and  set  it  off  on  a  vertical  line  from  C  to  find  s.  ])raw  a 
horizontal  line  <U  through  *■  [ol]. 

Let  the  object  we  wish  to  draw  form  angles  witli  the  picture 
plane  of  60  on  the  right,  and  30  on  the  left.  Set  off  these 
angles  at  s  with  cU,  and  draw  lines  through  the  points  to  meet 
H.L.  in  the  points  v  and  v'. 

Draw  a  vertical  line  at  C  and  upon  it  assume  the  position 
of  any  point  //.  Join  nv.  Eepeat  the  distance  Cn  three  times 
from  C  to  find  jj.  Draw  a  line  from  p,  parallel  to  /iv,  as  pq. 
Then  pq  produced  would  meet  H.L.  in  the  true  A^anishing  point 
ibr  30"  ou  the  left. 

Open  the  arms  A  and  B  of  the  centroliuead  to  any  con- 
venient angle  and  secure  them  in  position  by  the  screws  a  and 
h.  Place  the  upper  edge  of  the  ruling  arm  D  against  H.L.  Fix 
the  stud  E  in  any  convenient  position  against  the  left-hand  side 
of  the  arm  B,  and  rule  a  line  rf  against  the  left-hand  side  of 
the  arm  A.  Now  place  the  upper  edge  of  the  ruling  arm  A 
against  the  line  qjy,  keeping  the  edge  of  the  arm  B  against  the 
stud  E.  The  instrument  will  then  be  in  the  position  shown  by 
the  dotted  lines,  llule  another  line,  [/Ji,  against  the  left-hand 
side  of  the  arm  A  to  intersect  the  line  tf  in  X.  Then  X  is  the 
position  of  the  second  stud. 

Note. — If  the  two  lines  drawn  against  the  left-hand  side  of 
the  arm  A  do  not  intersect,  tlie  angle  between  the  arms  A  and 
B  must  be  altered. 

All  lines  ruled  against  the  upper  edge  of  the  ruling  arm  D, 
when  the  arms  A  and  B  are  in  contact  with  the  studs  E  and  X, 
converge  towards  the  same  point. 


CHAPTER   XVI 


PHOTOGKAPHIC    PEKSPECTIVP: 


Note. — Numerah  in  hrackets  [  ]  refer  to  tlce  numbered  articles  in 
Chapter  II. 

Photographs  aie  now  very  much  used  by  artists,  especially 
"  snap-shot "  or  instantaneous  photographs,  as  by  their  assist- 
ance passing  effects  and  movements  can  be  recorded  in  a 
manner  impossible  by  any  other  means.  It  is  well  known  that  the 
perspective  in  photographs  of  this  kind  is  very  much  exaggerated 
on  account  of  the  use  of  lenses  of  short  focus.  The  necessity 
for  using  sucli  lenses  for  this  class  of  work  arises  from  the 
fact  that  they  possess  great  depth  of  focus.  This  is  very 
important  for  instantaneous  work,  as  it  is  not  possible  with 
"  snap-shot  "  photographs — generally  taken  with  a  hand  cameia 
— to  focus  the  subject  accurately  before  photographing  it. 
Depth  of  focus  or  deptlt  of  defnition  are  practical  terms  used  by 
photographers  ;  e.g.  if  one  plane  of  the  subject  is  sharply  focused, 
all  other  objects,  nearer  or  farther  from  that  plane,  will  appear 
more  or  less  wanting  in  sharpness,  but  tlie  more  depth  of  focus 
a  lens  has,  the  greater  will  be  the  distances  focused  on  each 
side  of  the  plane,  in  which  objects  will  appear  comparatively 
sharp  in  definition. 

The  depth  of  focus  possessed  by  a  lens  varies  inversely  as 
the  scpiare  of  its  focus  ;  e.g.  a  lens  of  6-inch  focus  has  four  times 
the  depth  of  one  of  12-iuch  focus. 

The  object  of  this  chapter  is  to  show  how  the  exaggerated 
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Yiix.  1; 


perspective    of   a   photograph   may  be    remedied   in   making  a 
drawing  from  it. 

In   addition   to   exaggerated    perspective,   distortion   is   also 
produced  by  the  inherent  property  of  some  lenses,  called  cirrvi- 

II near  disforfinn  ;  i.e.  straight  lines 
near  the  margin  of  the  subject  be- 
come curved  in  the  photograph; 
such  distortion  is  produced,  more 
or  less,  by  all  single  lenses,  by 
portrait  lenses,  and  the  defect  also 
occurs  in  some  doublets. 

The  curvilinear  distortion  of  a 
single  lens  varies  with  the  position 
of  the  diaphragm. 

If  we  were  to  draM-  a  series. of 
si|uares  on  a  sheet  of  cardboard, 
as  shown  in  Fig.  185,  and  photo- 
graph it  by  means  of  a  single  lens, 
with  a  diaphragm  placed,  in  its  usual  position,  in  front  of  the 
lens — care  being  taken  that  both 
tlie  cardboard  and  the  sensitised 
plate  should  be  in  a  vertical  posi- 
tion— the  photograph,  if  taken  the 
full  size  of  the  plate,  would  appear 
similar  to  Fig.  ISO  —  "barrel- 
shaped" — in  which  all  the  lines, 
with  the  exception  of  those  pass- 
ino'  throurvh  the  centre,  are  curved. 
But  if  the  diaphragm  were  placed 
behind  the  lens,  and  then  a  photo- 
graph taken  of  Fig.  185,  the 
fiill  size  of  the  plate,  the  result 
would  be  similar  to  Fig.  187 
^"pin-:^o\ishioned'' — in  which  the  lines  passing  through  the 
centre  would  be  straight,  as    before,  but    all   the    other   lines- 
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Fig.  187 


would  be  curved  in  an  opposite  direction  to  tliose  in  Fig, 
186. 

In  a  proper  constructed  "  doublet,"  the  diaphragm  being 
placed  between  the  two  single 
lenses,  the  back  lens  counteracts 
the  curvature  of  the  front  lens,  and 
the  result  should  be  as  shown  in 
Fig.  185. 

The  cause  of  exaggerated  per- 
spective, produced  by  a  lens  of 
short  focus,  or  wide-angle  lens, 
arises  from  the  fact  that  the  angle 
of  view  embraced  by  the  lens  is 
greater  than  the  angle  of  distinct 
vision  [44].  Some  are  made  to 
include  an  angle  of  90^  and  some 
even   a  greater  angle,  and   objects 

photographed  by  lenses  of  tliis  character  are  affected  in  a  similar 
manner  to  the  cubes  illustrated  in  Fig.  34,  as  fully  explained  in 
Article  45. 

This  exaggerated  perspective  could,  to  some  extent,  be 
avoided  in  many  instances  by  using  a  lens  made  to  cover  a 
plate  a  size  larger  than  the  one  recpiired,  but  in  doing  so,  we 
have  to  sacrifice  a  great  deal  of  the  subject  taken  from  a  given 
position,  as  the  detail  of  the  photograph  would  come  out  to  a 
larger  scale. 

If  an  artist  takes  his  own  photographs,  he  can  correct  the 
curvilinear  distortion  of  the  photograph,  wlien  making  a  copy 
from  it,  Avhether  produced  ])y  a  single  lens,  portrait  lens,  or 
improperly  constructed  doublet,  Ijy  the  following  simple  con- 
trivance. 

Make  a  drawing  of  Fig.  185,  to  rather  a  large  scale,  with 
white  lines  on  a  dark  ground,  and  photograph  it  to  the  full 
size  of  the  plate.  -  The  negative,  Avhen  developed,  and  fixed, 
shf>uld  show  dark  lines  on  a  transparent  surface. 
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On  the  drawing  we  wish  to  make  from  the  photograph, 
draw  the  same  number  of  equal  squares  in  pencil,  as  shown  in 
Fig.  185,  to  the  scale  required.  Place  the  transparent  negative, 
with  the  distorted  lines,  over  a  photograph  taken  with  the 
same  lens,  and  where  the  various  parts  of  the  photograph 
intersect  the  various  lines  of  the  transparent  negative,  draw 
corresponding  intersections  with  tlie  pencil  lines  on  the  drawing. 
The  drawing  will  then  be  in  true  perspective,  providing  the 
aiiuie  of  the  lens  does  not  exceed  60  . 
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Fig.  188 

Tlie  exaggerated  perspective  caused  by  a  lens  of  short  focus 
could  be  rectified  in  a  drawing  from  it  in  the  following  manner : — 

Let  us  assume  the  angle  of  the  lens  to  be  90'.  Draw  on  a 
siieet  of  paper  a  rectangle  ABDG  (Fig.  188),  equal  in  size 
to  the  photograph,  and  mark  the  position  of  tlie  horizon,  as 
II L  [18].  The  point  C  is  a  point  directly  opposite  tlie  lens 
[14].  Join  C  to  the  corner  of  the  rectangle  farthest  from  it 
(B).  Draw  a  line  from  C,  at  right  angles  to  CB,  as  CE.  Set 
oft"  an  angle  of  45'  at  B,  with  BC,  and  produce  the  line  to  meet 
CE  in  E.^hen  BEC  is  half  of  the  angle  of  the  lens.  AVith  E 
as    centre,'  and    radius    EC,   draw   an   arc    to    meet    EB    in   F. 
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Divide  tliis  arc  into  any  number  of  equal  parts  (5^,  and  draw 
lines  from  E  through  tliese  divisions  to  meet  the  line  CB  in 
the  points  o,h,c,d.  Witli  C  as  centre,  and  the  distances  of  tliese 
points  from  C  as  radii,  draw  circles.  Draw  lines,  parallel  to  the 
sides  of  the  rectangle,  forming  tangents  to  these  circles. 

These  lines  should  be  traced  on  a  sheet  of  gelatine,  or,  what 
is  better,  on  an  une.xposed  plate,  first  rendered  transparent  by 
being  immersed  in  a  bath  of  hyposulphite  of  soda  and  then 
well  washed  and  dried. 

The  transparent  plate  witli  these  lines  traced  upon  it  should 
then  be  placed  over  a  photograph  taken  with  the  lens.  The 
lines  could  be  drawn  directly  on  the  photograph,  if  desired,  but 
by  drawing  them  on  a  transparent  plate  they  are  available  for 
any  photograph  taken  M-ith  tlie  same  lens,  and  the  photograph 
is  not  injured. 

Let  the  rectangle  ABDG  (Fig.  189)  represent  our  drawing. 
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This  may  be  drawn  to  any  scale  to  suit  the  size  of  the  drawing, 
but  the  sides  of  the  rectangle  should  have  the  same  proportion 
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to  each  other  as  the  corresponding  sides  of  the  rectangle  i^Fi<y. 
188).     The  line  HL.  and  the  point  (_',  should  also  be  in  corre- 


Fi.'.  190 


spending  positions  to  those  shown  in  I'ig.  188.  Join  CB,  as  before, 
and  draw  a  line  from  C  at  right  angles  to  CB,  as  CE.  Set  off  an 
angle  of  60"  at  B  Avith  BC  and  produce  the  line  to  meet  CE  in  1^. 
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Then  BEC  is  equal  to  half  of  the  angle  of  distinct  vision  [4-4-]. 
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Fig.  191 

AVith  E  as  centre,  and  EC  as  radius,  draw  the  arc  CF,  and  divide 
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it  in  five  equal  parts,  as  before,  aud  find  the  points  «,  h,  c,  d. 
Complete  the  figure  in  a  similar  niauuer  to  that  described  for 
the  preceding  figure,  which  has  corresponding  letters.  Make 
the  different  parts  of  the  drawing  intersect  the  various  lines  of 
Fig.  189,  in  accordance  with  the  intersection  of  the  photograph 
with  the  corresponding  lines  of  Fig.  188. 

If  the  artist  does  not  take  his  own  photographs,  and  wishes 
to  make  a  drawing  from  one,  he  will  first  have  to  consider  the 
angle  subtended»by  the  lens,  judging  from  the  amount  of  exag- 
geration in  the  perspective.  This  may  be  judged  approximately, 
which  is  not  difficult  for  a  practised  eye. 

Fig.  190  is  taken  from  a  photograph,  the  angle  subtended 
by  the  lens  being  90°.  The  parallel  lines  forming  the  rectangles 
into  which  the  view  is  divided  are  tangents  drawn  to  circles, 
the  radii  of  which  are  determined  on  the  line  CB,  in  a  similar 
manner  to  those  described  in  the  construction  uf  Fig.  188.  In 
this  view  the  perspective  is  very  much  exaggerated,  and  the 
receding  distances  appear  much  longer  than  they  are  in  reality. 
The  church  appears  considerably  farther  from  the  spectator  than 
it  really  is. 

Fig.  191  represents  the  same  view  with  the  perspective 
corrected.  The  parallel  lines  forming  the  rectangles  into 
which  the  drawing  is  divided  are  tangents  drawn  to  circles,  the 
radii  of  which  are  determined  on  the  line  CB,  in  a  similar 
)nanner  to  those  described  in  the  construction  of  Fig.  189. 


THE    END 


i'rintcd by  R.  ^  R.  Clapk,  Limited,  Edinbuigk. 
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NOTICES  OF   "  AN  ELEMENTARY  COURSE  OF  PHYSICS." 

A  Cambridge  Tutor  says  : — "  It  is  the  sort  of  book  that  candidates  for  the 
Mathematical  Tripos  ought  to  read,  that  tliey  may  have  the  correct  physical 
ideas  before  venturing  on  mathematical  applications.  That  is  a  difficulty  one 
finds  in  one's  lectures  on  Electricity  and  Magnetism.  The  pupils  do  not  know 
the  facts,  and  so  fail  to  understand  the  mathematics." 

GUARDIAN. — "A  treatise  which  deals  ou  a  uniform  plan  with  the  whole 
range  of  physics  is  a  great  convenience  both  to  teacher  and  student.  .  .  .  The 
present  careful  and  elaborate  compilation  will,  we  expect,  liud  favour  with  many 
schoolmasters.  .  .  .  The  authors  are  thoroughly  versed  in  the  art  of  adapting 
their  treatment  to  the  cipabilities  of  schoolboys." 

NA  TURE. — "  In  this  book  an  attempt  is  made  to  give  a  modern  and  practical 
course  of  natural  philosophy  in  a  compendious  form,  and  it  may  be  stated  at 
once  that  the  effort  is  a  most  successful  one.  .  .  .  The  treatment  of  the  various 
subjects  is  most  lucid  and  thorough,  and  is  evidently  based  on  an  intimate 
acquaintance  with  the  requirements  of  students.  Great  pains  have  been  taken 
to  avoid  looseness  of  statement ;  and  the  fact  that  some  of  the  sections  have  had 
the  advantage  of  the  criticisms  and  suggestions  of  Lord  Kelvin,  Lord  Rayleigh, 
and  others,  makes  it  a  trustworthy  book  of  reference.  AVhere  everything  else  is 
so  well  done,  it  is  difficult  to  select  points  for  special  mention,  but  it  may  be 
remarked  that  examples  drawn  from  naval  sources  form  a  notable  and  valuable 
feature,  and  graphical  methods  of  representing  experimental  results  are  largely 
utilised  and  encouraged. 

"The  generous  supplj"  of  illustrations,  which  number  nearly  six  hundred, 
and  not  one  that  fails  to  serve  a  useful  purpose,  enhances  the  value  of  the  book, 
and  will  make  it  acceptable  to  a  wider  circle  of  readers  than  that  comprised  by 
students  following  a  specified  curriculum.  The  book  is  of  convenient  size,  and 
is  piinted  in  ver}-  clear  type  ;  we  believe  it  is  destined  to  take  a  high  place  in 
our  schools  and  colleges." 

ACADEMY. — "  The  Elementary  Course  of  Physics  is-again  a  work  of  quite 
a  different  kind.  Hitherto  the  reader  requiring  a  general  account  of  the  present 
state  of  physical  science  has  gone  to  translations  of  the  well-known  books  by 
Ganot  and  Deschanel,  which  have  for  many  years  had  a  wide  popularity  in  this 
country.  The  volume  now  under  our  notice  is  an  English  attempt  to  meet  such 
a  student's  requirements.  The  various  pai-ts  are  treated  by  different  authors, 
the  whole  being  edited  bj'  Mr.  Aldous.  Thus,  while  the  sections  on  meclianics, 
hydrostatics,  and  heat  are  written  bj-  the  editor,  wave-motion,  sound,  and  light 
are  from  the  pjn  of  Mr.  W.  D.  Eggar,  and  magnetism  and  electricity  from  that 
of  Prof.  Barrell.  A  striking  feature  of  the  book  is  the  profusion  of  clear, 
artistic  illustrations,  which  will  do  much  to  lighten  the  beginner's  task.  The 
fact  that  the  various  chapters  have  been  examined  and  criticised  by  Lord  Kelvin, 
Lord  Rayleigh,  and  others  should  be  guarantee  enough  that  we  have  here  a 
trustworthj'  introduction  to  an  extensive  subject," 
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